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RECENT CALIFORNIA EARTHQUAKES’ 


By Dr. ANDREW H. PALMER 


U. S. WEATHER BUREAU 


RIOR to 1906, little scientific investigation had been made 
_ of earthquakes in the United States. The great Cali- 
fornia earthquake of April 18, 1906, focused attention upon the 
subject, however, and ever since that time seismology has made 
steady progress. Following the San Francisco catastrophe, 
the Governor of California appointed a commission to investi- 
gate the phenomenon which had caused unprecedented damage, 
so far as an earthquake in the United States was concerned. 
This commission consisted of eminent scientists, and their re- 
port was, and still is, the most comprehensive seismological 
treatise ever published in this country. 

In order that the widespread interest in the study of earth- 
quakes which followed the San Francisco disaster might be 
crystallized, and productive of research, an organization was 
formed called the ‘‘ Seismological Society of America.” This 
organization has grown slowly but steadily, and to-day includes 
in its membership about 400 of the leading seismologists of 
the world. It investigates individual earthquakes, encourages 
seismological research, and publishes a quarterly journal amon 
is sent to about 500 addresses. 

The number of seismographs in operation in the United 
States has grown rapidly during recent years. While there 
are a few privately owned instruments, most are maintained by 
the United States Government or by educational institutions. 
The following is believed to be a complete list of public seis- 
mographs in operation in North America at the present time: 

1 Published with the permission of the Honorable Secretary of Agri- 
culture. 

VOL x.—36. 
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OUTLINE MAP, 


Showing ail Places in the United States and Canada where Seismographs were in 
Operation in 1919. 


Maintained by the U. S. Coast and Geodetic Survey: 
Cheltenham, Maryland. 
Honolulu, Hawaii. 
Sitka, Alaska. 
Tucson, Arizona. 
Vieques, Porto Rico. 
Maintained by the U. S. Weather Bureau: 
Chicago, Illinois. 
Northfield, Vermont. 
Washington, D. C. 
Maintained by the Government of the Panama Canal Zone: 
Balboa Heights, Canal Zone. 
Maintained by the Government of the Dominion of Canada: 
Ottawa, Ontario. 
Toronto, Ontario. 
Victoria, British Columbia. 
Maintained by Educational Institutions: 
Berkeley, California; University of California. 
Cambridge, Massachusetts; Harvard University. 
Denver, Colorado; Sacred Heart College. 
Georgetown, District of Columbia; Georgetown Uni- 
versity. | 
Ithaca, N. Y; Cornell University. 
Lawrence, Kansas; University of Kansas. 
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Lick Observatory; Mount Hamilton, California; Univ. 
of California. 3 

Mobile, Alabama; Spring Hill College. 

New York, New York; Fordham University. 

St. Louis, Missouri; St. Louis University. 

San Diego, California; Raja Yoga Academy. 

Santa Clara, California; University of Santa Clara. 


CARD USED BY CORRESPONDENTS OF THE U. S. WEATHER BUREAU IN REPORTING 
EARTHQUAKES. 


U. S. DEPARTMENT OF AGRICULTURE, WEATHER BUREAU 
(SEISMOLOGY). 


Cross out words and parts not applicable, and fill in all remaining spaces. 
Use other side, if desired, for additional description and information. 


etn. PRTT OCONEE? oS ee os Beek way veh hee 5 OC on 
Time of beginning (use railroad time): Hour .... min., ...., a. m., p. m. 
On mountain, hill, plain, in valley. 
Outdoors, indoors, Ist, 2d, 3d, ...... floor. 


Location of observer: 


If in country, distance <-....... ; direction’ 2.005% 
TU fn teks (nearest P. O. or town). 
What doing: Lying down, sitting, standing, walking, .................. 
Onset of shocks: Abrupt, rapid, gradual. 
Nature of shocks: Bumping, rocking, trembling, twisting.............. 
Intensity (give number, see scale on other side): .......... 
Number of shocks during earthquake: ........ 
TRON BT BABS RTS a PERE SR ae ss Ls biden 
Direction of vibration: N.-S.; NE.-SW.; E.-W.; SE.-NW. 
Sounds: No, yes. Before, with, after shocks. Faint, loud, rumbling, 
rattling. 

Felt by: One, several, many. : 
TMC -OF GOMREVER SES I os a i a eee 


(On back) 
REMARKS. 


EARTHQUAKE INTENSITIES. (Adapted Rossi-Forel.) 


1. Felt only by an experienced ob-| 6. Bells rung, pendulum clocks 
server, very faint. stopped. Alarm. 

2. Felt by a few persons at rest,| 7. Fall of plaster, slight damage. 
faint. Scare. 

3. Direction or duration apprecia-| 8. Fall of chimneys, walls cracked. 
able, weak. Fright. 

4, Felt by persons walking. Doors,| 9. Some houses partly or wholly 
etc., moved. wrecked. Terror. 

5. Felt by nearly everyone. Furni-| 10. Buildings ruined, ground crack- 


ture moved. ed. Panic. 
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Fig. 1. ‘A MOvING-PicTURE THEATER AT SAN JACINTO, CALIFORNIA, AFTER ITS 
FRONT WALL HAD FALLEN TO. THE STREET DURING A RECENT EARTHQUAKE. The con- 
crete-block type of construction is dangerous in a region of high seismicity. (Photo. 
graph by S. D. Townley.) 


In accordance with a law enacted by Congress, the United 
States Weather Burean has collected and published reports of 
all earthquakes which have occurred in the United States since 
July 1, i914. Besides the records obtained from its own seis- 
mographs, the Weather Bureau receives monthly reports of 
earthquakes recorded on the other instruments referred to 
above. Detailed reports are published in the Monthly Weather 
Review, an official publication. The seismological work of the 
Bureau is in charge of Professor William J. Humphreys. 

Besides the work of collecting and publishing the reports of 
earthquakes automatically recorded, the Weather Bureau has 
inaugurated a novel work in collecting reports of all earth- 
quakes strong enough to be felt by persons. Besides its regu- 
lar weather stations, now numbering over 200, the Bureau has 
about 4,500 cooperative weather observers and special corres- 
pondents, most of whom are in the rural districts or in small 
towns and cities. Nearly all of these have volunteered to co- 
operate in the work of gathering earthquake statistics, a work 
which requires but a few minutes of the individual observer’s 
time in the course of a whole year. The results in the aggregate 
are of great value, however. The system employed is very 
simple. Each observer is given a few cards, on each of which 
certain questions are printed. When an earthquake occurs in 
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his vicinity, he is expected to answer the questions on the card, 
so far as that particular earthquake is concerned, and to for- 
ward the same immediately to a designated office of the Bureau. 
The system has been in successful operation for the past four 
years. 

Count de Montesus de Ballore, who has perhaps done more 
than any other seismologist in the collection of earthquake 
statistics, has concluded that of the two classes of earthquakes, 
seismologic and seismographic, the former are the more worthy 
of consideration. Seismographs sometimes record earthquakes 
which are of artificial origin, or are due to the wind or the surf, 
and are therefore not earthquakes in the usual sense. More- 
over, they frequently record vibrations from distant shocks 
which are not directly related to the seismicity of the region 
in which the instrument is located. It is thus apparent that 
seismographic records are apt to err in excess. Seismologic 
records, on the other hand, include sensible earthquakes only, 
these alone being the ones with which the public at large is con- 
cerned. Records of this nature are more likely to have an 
error due to deficiency, since light, though sensible, shocks oc- 
curring during the night may pass unobserved. 

Few, if any, earthquakes of sensible intensity have passed 
unobserved in California during the past five years. This 
systematic and complete collection and publication of all earth- 


Fie. 2. AN EXAMPLE OF THE DAMAGE SUSTAINED BY BRICK BUILDINGS IN AN 
EARTHQUAKE. The reinforced concrete building shown in the right background was 
comparatively unharmed. (Photograph by S. D. Townley.) 
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Fic. 3. A SAG-POND IN A SUNKEN AREA BETWEEN BAUTISTA CANYON AND THE 
SAN JACINTO RIVER, CALIFORNIA. All California earthquakes occur from the slipping 
and sliding of the earth’s crust along fault planes, which are rifts or breaks in the 
rocks. Such a fault passes through this region, and the area is subject to frequent 
disturbances. (Photograph by Homer Hamlin.) 


quakes strong enough to be felt by persons in California has 
resulted from the cordial cooperation of all those interested, 
principally through the following agencies: (1) The Weather 
Bureau has about 300 correspondents, well distributed through- 
out the state (see the accompanying figure), who report on 
ecards all earthquakes felt. (2) The Seismological Society of 
America, whose headquarters are at Stanford University, re- 
ceives many reports from its members, most of whom reside in 
California. (8) Mr. Homer Hamlin, a consulting engineer 
with headquarters in Los Angeles, has a large number of 
private correspondents in southern California who report to 
him all earthquakes observed. 

The remainder of this discussion is based upon the reports 
of sensible earthquakes received through these various agencies 
during the four years, 1915-1918, inclusive. During this 
period California experienced 89 earthquakes per year, in the 
average. It is therefore readily apparent why California 
should be of unusual interest in seismology. 


THE OCCURRENCE AND DISTRIBUTION OF KARTHQUAKES, 
1915-1918 


During the four years, 1915-1918, inclusive, California 
had a total of 357 earthquakes. With respect to the months of 
occurrence, these were as follows: 
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Year Jan. | Feb. | Mar. Apr. | May | June July | Aug. aon, 
9162s oe 6 eS) oe) ef OR Te 
19D ose 4 5 2 t Mee (ie i 4 GT 3 8 
1b) Aor 3 4 rs Te ISS 20 Is 9 6 
1OL6 ee 2 Sod k oS Tt 1S 4 FZ 8 4 

Total 954: 17 | 97-| 45 | 38 | 64 | 44 | 32 | 92 
Av.. 4.2 | 4.2 | 6.8 |11.2) 9.5 | 13.5) 11.0} 8.0 | 5.5 


It is readily apparent from the table that earthquakes are 
far more frequent in California during the summer dry season 
than during the winter wet season. The total number does 
not seem to vary greatly from year to year, the average being 
about 89 shocks. During every month of these four years, at 
least one earthquake was felt somewhere in the state. 

It has long been recognized that earthquakes are more fre- 
quent at night than during the daytime, and the records of the 
past four years are no exception to the general rule. A study 
of 1405 California earthquakes which occurred from 1769 to 
1915, inclusive, showed that on the average, there are two maxi- 
mum and two minimum hours of occurrence. The extreme 
maximum occurs at 11 P.M., and the extreme minimum at 5 
P.M. A secondary maximum occurs at 5 A.M., and a secondary 
minimum at1A.M. The double periodicity in the diurnal curve 


Fig. 4. A VIEW OF A FLOUR MILL AT HEMET, CALIFORNIA, SHORTLY AFTER THE 
EARTHQUAKE OF APRIL 21, 1918. Brick and adobe buildings can not withstand severe 
earthquakes, whereas reinforced concrete and steel frame buildings will stand through 
the strongest shocks. (Photograph by S. D. Townley.) 
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Fic. 5. AN EARTHQUAKE CAUSED THE BOULDER HERE SHOWN TO ROLL DOWN A 
MOUNTAIN SIDE IN CALIFORNIA. (Photograph by Homer Hamlin.) 


reminds one of the diurnal curves of barometric pressure and 
of the tides of the ocean. | 

A region of high seismicity derives its instability from a 
number of causes, among which the following are the most 
important: (a) Folds in the earth’s crust, either emerged or 
submerged; (0) marked variations of topography; (c) great 
ranges between ocean bottoms and adjacent mountain tops, as 
found where high mountains are close to a coast where the 
ocean bottom slopes precipitously to great depths; and (d) 
regions where secular elevation or depression is still in prog- 
ress. All of these features are present in California, and col- 
lectively explain its high seismicity. 

The real and ultimate cause of earthquakes is not under- 
stood. However, it is recognized that most earthquakes are 
related to movements of the earth’s crust along vertical fault 
planes, which are simply breaks or rifts in the rock. These 
faults are numerous in California. The positions of those. 
already recognized are shown in one of the accompanying 
figures. It is probable that in the course of time others will be 
discovered. There is a conspicuous parallelism in California, 
along NW.-SE. lines, of sea-coast, mountain chains, interior 
valleys, fault lines and earthquakes. Epicenters are found in 
a few places where the fault lines cross each other at right 
angles. Examples of these are the Monterey Bay region and 
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the region of the Tehachapi Pass. Other epicenters occur 
where there are great contrasts of topographic relief within 
short distances. Examples of these are the Owens and Im- 
perial Valleys. The frequent occurrence of earthquakes along 
an K.-W. line passing through the San Francisco Bay region 
suggests an action of bending, or faulting, or both, in the 
depths of the crust about an axis in this direction. This might 
be expected if the southern Sierra Nevada were rising faster 
than the northern. The fault-block origin and structure of 
the Sierra Nevada contribute largely to the frequency of earth- 
quakes in California. 

At one time it was believed that volcanoes and earthauakes 
were closely related, and that the latter were simply due to 
movements of submerged lava in volcanic. regions. However, 
while this may be true in Italy and in Hawaii, most seismolo- — 
gists now agree that there is complete independence of seismic- 
ity from volcanism, as far as the United States is concerned. 
The Milne-Omori investigation of 8,300 Japanese earthquakes 
which occurred between 1885 and 1892 showed little relation 
between earth shocks and volcanoes. Only about three per 
cent. of Japanese earthquakes are of volcanic origin. 

Because it has within its borders the only active volcano in 


Fig. 6. A VIEW OF THE FIRST NATIONAL, BANK BUILDING AT HEMET, CALI- 
FORNIA, JUST AFTER THE EARTHQUAKE OF APRIL 21, 1918. (Photograph by S. D. 
Townley.) 
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Fig. 7. BUSINESS HOUSES IN SOUTHERN CALIFORNIA LEVELLED TO THE GROUND 
IN A SEVERE EARTHQUAKE, WHICH CAUSED A PROPERTY LOSS ESTIMATED AT $300,000. 
(Photograph by Homer Hamlin.) 


the United States, California offered a unique opportunity 
during the past few years to test the relation between a volcano 
and earthquakes. Lassen Peak (altitude 10,437 feet, Lat. 40° 
25’ N., Long. 121° 45’ W.) broke forth in violent eruption in 
May, 1914, and has been active sporadically ever since, with 
more than 250 observed eruptions. Whether or not there has 
been any relation between the eruptions of Lassen Peak and 
California earthquakes, has been a much-debated question. 
Though the Weather Bureau has numerous seismological ob- 
servers within a comparatively short distance of the mountain, 
the number of earthquakes reported in that vicinity was not 
large, comparatively speaking. It might be inquired whether 
the presence of an active volcano would tend to increase or to 
decrease the number of earthquakes. Humboldt found a tradi- 
tion among the natives of South America that so long as the 
volcanoes in their neighborhood were active, no danger from 
earthquakes need be feared, but if these remained quiescent 
for a long-continued period severe earthshocks might be antici- 
pated. In a manner the volcano acted as a safety-valve, ac- 
cording to the tradition. So far as it has been possible to 
determine, not a single earthquake occurred in northern Cali- 
fornia simultaneously with an eruption of Lassen, several press 
dispatches to the contrary, notwithstanding. As a matter of 
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fact, that part of the state farthest distant from Lassen Peak 
had the heaviest as well as the most numerous earthquakes. 

It is probable that most, and perhaps all California earth- 
quakes are due to slippings and slidings of the earth’s crust 
for short distances along fault planes. The cause may be the 
strain imposed by some powerful force from without, or it may 
be simply the contraction of the earth itself. A tectonic rather 
than a volcanic origin is indicated by (a) the deep foci of the 
sensible shocks, (b) the long periods between the short pre- 
liminary tremors and the maximum vibrations, and (c) the 
vast areas over which the heavier shocks are felt. 

California is not homogeneous in its seismicity, a fact which 
might be inferred from the distribution of faults, and from its 
topography. Earthquakes are frequent along the coast, and in 
the narrow Owens and Imperial Valleys. They are infrequent 
in the Sierra Nevada and Coast Ranges of Mountains, and they 
are rare in the Sacramento and San Joaquin Valleys. The San 
Andreas Rift, the longest and most conspicuous fault line in 
California, extends from Eureka, in extreme northwestern 
California, southeastward along the coast, through San Fran- 
cisco, to detached southerly extensions in the Imperial Valley, 
and beyond the border of Mexico. The great earthquake of 
April 18, 1906, was due to a marked movement along this rift. 
As though the strain had been relieved by that movement, only 
a few shocks have since occurred along the northern portion of 
the fault. Eleven earthquakes occurred in San Francisco during 
the past four years. The Monterey Bay region showed marked 
seismicity, having had 23 shocks. The southern portion of this 
rift has been extremely active recently, and the Imperial Valley 
has been the most unstable region in the United States during 
the past four years. In fact, all of southern California south 
of the Tehachapi has shown marked seismicity, and the dis- 
turbances seem to be growing in frequency and in intensity. In 
the Imperial Valley a total of 70 earthquakes have been felt 
during the past four years, 26 having occurred in 1918 alone. 
In the city of Los Angeles, 30 earthquakes were felt in the four 
years, 17 of which occurred in 1917 alone. On the other hand, 
the Owens Valley, one of the recognized epicenters, has been 
comparatively quiescent. In this restricted region, where 
more than one thousand earthquakes occurred within a period 
of 48 hours on March 26-27, 1872. but 15 feeble shocks were 
felt during the past four years. 

While the forecasting of earthquakes is as yet out of the 
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question, certain principles are recognized. It is thought that 
when a great earthquake occurs, the strain in the earth’s crust 
is relieved through movements along the fault plane, and that 
the region then remains stable for a time. The infrequency of 


Fic. 8. A ScpeNE Five MILES SOUTHEAST OF VALLEVISTA, CALIFORNIA, SHOWING A 
LANDSLIDE CAUSED BY AN EARTHQUAKE. (Photograph by Homer Hamlin.) 


shocks in San Francisco since the great disturbance of April 
18, 1906, seems to verify this conclusion. On the other hand, 
some seismologists hold a theory that a great earthquake is 
preceded for months and years by an increasing number of 
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light shocks. The violent shock centering at San Jacinto and 
Hemet which occurred April 21, 1918, was preceded by a large 
number of minor disturbances, while but few have occurred 
since that time. The growing number of earthquakes in the 
Imperial Valley would seem to indicate that a great disturbance 
may be expected to occur there in the near future. This region 
may therefore be watched with interest during the next year 
or two. 
THE INTENSITY OF EARTHQUAKES 


The formula for seismicity involves the factors frequency 
and intensity. Of the two, the former carries the greater 
weight. It is generally recognized that the regions of most 
frequent earthquakes are also the regions having the severest 
shocks. Moreover, it is known that the intensity of an earth- 
quake is directly proportional to the area shaken—in other 
words, the heavier the shocks, so much larger will be the area 
over which they will be felt. 

An adapted Rossi-Forel scale of earthquake intensities is 
used by the Weather Bureau correspondents in reporting. In 
this scale of ten, the various intensities are described as 
follows: 

I. Felt only by an experienced observer; very faint. 
II. Felt by a few persons at rest; faint. 
III. Direction or duration appreciable; weak. 
IV. Felt by persons walking. Doors, etc., moved. 
V. Felt by nearly everyone. Furniture moved. 
VI. Bells rung; pendulum clocks stopped. Alarm. 
VII. Fall of plaster; slight damage. Scare. 

VIII. Fall of chimneys; walls cracked. Fright. 

IX. Some houses partly or wholly wrecked. Terror. 
X. Buildings ruined; ground cracked. Panic. 


The late Professor Edward S. Holden, of the University of 
California, prepared the first catalogue of earthquakes on the 
Pacific coast, and the same was published by the Smithsonian 
Institution. From Professor Holden’s study of the earth- 
quakes of 129 years, 1769-1897, inclusive, he concluded that 
for any particular locality the number of really heavy shocks 
was quite small. The international reputation which certain 
cities bear as earthquake centers is, to a certain degree, un- 
merited. Thus at San Francisco there have been but three 
destructive shocks and four exceptionally heavy earthquakes in 
a hundred years, although there have been very many slight 
shocks and tremors. For the state at large, the most destruc- 
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Fic. 9. MASonIc HALL at SAN JACINTO, CALIFORNIA, wrecked in the Earthquake 
of April 21, 1918. Note the piano under the roof at the left. Brick buildings 
can not withstand severe earthquakes. (Photograph by Homer Hamlin.) 


tive earthquakes in modern times have been those of 1800, 
1812, 1872 and 1906. 

During the past four years, two earthquakes of destructive 
intensity have occurred in California. The Imperial Valley 
earthquake of June 22, 1915, was accompanied by the loss of 
five lives, and the destruction of property in California and in 
adjoining portions of Mexico. A severe shock felt throughout 
southern California on April 21, 1918, appeared to center at 
San Jacinto and Hemet. Because of its fortunate occurrence 
at a time when most people in that vicinity were absent fror 
business districts, and many were out of doors (2:32 P.M., on 
a Sunday), no lives were lost, but great destruction of property 
resulted, the loss having been estimated at about $300,000. 
(See effects in the accompanying photographs.) 

Of those earthquake reports of the past four years in which 
an estimate of intensity was made by the reporters, the great 
majority of shocks were of feeble intensity, just strong enough 
to show their occurrence by rattling windows, swinging doors, 
or by moving furniture. In only a few cases was actual dam- 
age done. In each of two years, 1916 and 1917, the total 
property damage resulting from earthquakes in California was 
under $1,000. About 80 per cent. of the earthquakes of the 
past four years were so light that they were felt at one station 
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only, and not at two or more adjacent stations. Classified as 
to intensity, the California earthquakes of the past four years, 
so far as intensity estimates are available, are as follows: 


—<$<$<$___ 


II | wt | Iv | vy | wt | vo | vir | xj x 
Nuhersais cs. 111 | 197 | 172 | 128 | 27 | 9 | 16 | 8 | 2 
Pet Omi eck; 17 20 a ae 1 2 1 | Less than 1 


NUMBER OF SHOCKS IN EACH EARTHQUAKE 


The typical earthquake consists of a series of preliminary 
tremors, one or more maximum vibrations, and a series of sub- 
sequent tremors. Reliable statements concerning the number 
of these maxima for any particular earthquake are, for psy- 
chological reasons, difficult to obtain. Concerning the attempts 
to secure such data in connection with the great earthquake of 
1906, the California Earthquake Investigation Commission re- 
ported as follows: 

Many of these replies are rather questionable scientific evidence, 
inasmuch as many of them were in response to a leading and suggestive 
question, and very few of them have been subjected to the clarifying 
process of cross-examination. 

While a seismograph would doubtless record many feeble 
vibrations in addition to the one or more strong enough to be 


Fie. 10. A FAULT SCARP IN THE SAN JACINTO. MOUNTAINS ABOUT TWO MILES 
EAST OF SAN JACINTO, CALIFORNIA, AT SwWOBODA SPRINGS. The fault plane here runs 
due east-west. (Photograph by Homer Hamlin.) 


544 THE SCIENTIFIC MONTHLY 


FieG. 11. A PHOTOGRAPH TAKEN IN THE BUSINESS DISTRICT OF SAN JACINTO, 
CALIFORNIA, FOLLOWING THE HARTHQUAKE OF APRIL 21, 1918. The center building 
was the telephone office. Note the difference in the damage sustained by the brick 
and the frame buildings here shown. (Photograph by S. D. Townley.) 


felt by persons, the great majority of California earthquakes 
consist of but one sensible shock. An analysis of those re- 
ported during the past four years showed that 76 per cent. of 
them consisted of but. one sensible shock; 17 per cent. of them 
consisted of two shocks; 5 per cent. of three shocks; 1 per cent. 
of four shocks; and less than one per cent. of five or more 
shocks. 
DURATION OF EARTHQUAKES 


The exact duration of the sensible earthquake can be de- 
termined accurately only by an acute observer equipped with 
a chronometer. While no such high degree of accuracy is here 
presumed, the testimony of the observers regarding duration is 
interesting, nevertheless. 

Estimates ranged from a fraction of a second to more than 
a minute. It has been pointed out that the longer an earth- 
quake lasts the greater will be its destructive effects. This is 
well borne out by the fact that the heaviest and most damag- 
ing earthquakeswhich have occurred in California during re- 
cent years were estimated to have lasted 60 seconds or more, 
in each case. On the other hand, most of the lighter shocks, 
those felt at one station only, were of but one to three seconds in 
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duration. The former are general and ruinous, the latter are 
local and harmless. 

Some of the observers felt incompetent to estimate the dura- 
tion of an observed earthquake in seconds of time, and for this 
reason the record for duration of shocks is somewhat incom- 
plete. However, a considerable number of estimates of dura- 
tion were received. These have been classified as follows: 


Seconds....... lorLess; 2 3 4 | 5 6-10 | 11-20 | 21-30| 31-40 | Over 40 


Nunber a7 ge F go Pay gs oT 44 29 | 8 | 30) 
Patiiat oh gay fag ik 9 she Fae 6 bao fae s E 


SOUNDS ACCOMPANYING EARTHQUAKES 


Ever since the time of Moses, descriptions of earthquakes 
refer to sounds accompanying these disturbances. The Scrip- 
tures are full of such allusions, and nearly every earthquake is 
said to have been accompanied by a great noise. 

Psychological considerations play a prominent part in im- 
pressions of accompanying sounds. It is a well-recognized 
fact that people differ widely as to the range of audibility. 
Earthquakes which produce sounds observed by some persons 
may be apparently without sound to others. Personal equa- 
tion, therefore, is important in this connection. Many persons 
are thrown into a peculiar kind of hysteria by experiencing an 


Fie. 12. TH ROAD BETWEEN HEMET AND IDYLWILD, CALIFORNIA, BLOCKED BY 
LANDSLIDES IN THE EARTHQUAKE OF APRIL 21, 1918 (Photograph by Homer 
Hamlin.) 
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earthquake. Thunderstorms affect other people in the same 
manner. Generally speaking, the first earthquake one experi- 
ences does not produce hysteria. But if one passes through a 
disastrous earthquake, and suffers physical injury as a result 
of it, an earthquake subsequently experienced may easily cause 
hysteria through subconscious memory and association. When 
the observer is in such a disturbed state of mind, his impres- 
sions regarding sound are unreliable. 

While it is possible that a few of the reporters were so 
influenced, the statements of accompanying sounds are not to 
be disregarded on that account. When sounds accompany 
earthquakes in California, they are usually of low pitch, that is, 
of relatively slow vibrations. The sounds may come from the 
ground or from the air, or from both. It was found that of the 
357 earthquakes which occurred in California during the four 
years here considered, 34 per cent. were reported to have been 
accompanied by sounds. Of these, 65 per cent. were described 
to have been accompanied by rumbling, 17 per cent. by faint, 
indescribable sounds, 9 per cent. by loud sounds, 6 per cent. by 
rattling, 3 per cent. by roaring, and a few scattering reports 
included such expressions as explosive, tearing and shrieking. 
Some of these sounds occurred immediately before the earth- 
quake, some were simultaneous with it, while some occurred 
immediately afterward. 


GENERAL CONSIDERATIONS 


Certain facts in connection with California earthquakes are 
of peculiar interest. For example, many and varied phe- 
nomena were caused by two widely-felt shocks which occurred 
at 6:44 and 6:55 P.M. on October 22, 1916. They were the 
strongest shocks felt in the state during the year, and they were 
observed throughout central and southern California. Of the 
17 different stations from which reports were received, sounds 
were noted at but one, and in that instance the sound was 
described as faint. Waves 8 to 10 inches high rolled in on the 
west side of Buena Vista Lake for at least one hour after these 
shocks, and there was no wind blowing at the time. Near 
Maricopa, in the Kern County oil-fields southwest of Bakers- 
field, an oil-well that had been dormant for more than two years 
suddenly resumed its flow. The Edison Company’s power line 
between Bakersfield and Los Angeles was broken. At San 
Bernardino the patients in the county hospital became so badly 
frightened that some time elapsed before they could be calmed. 
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A certain deep well located in the San Joaquin Valley tempor- 
arily became a geyser, and in the water ejected there were 
found a number of small fish without eyes, similar to fish which 
inhabit subterranean waters. 

Temporary geysers are of frequent occurrence in a region 
of great seismicity. Preceding the San Diego earthquake of 
June 24, 1919, there was a marked disturbance of the Salton 
Sea, in Imperial Valley, a body of water formed twelve years 
ago when the Colorado River overflowed its banks and coursed 
into a part of the valley, most of which is below sea level. This 
disturbance, which occurred just before the earthquake felt at 
San Diego, 100 miles to the west, consisted of prolonged erup- 
tions, for an hour or more, of a number of mud geysers, which 
tossed a mixture of mud and water, pearl gray in color, to a 
height of 60 feet. Geologists who have studied the valley have 
a theory that the geysers, which have erupted before, but never 
to such a height or for so long a time, serve as vents for gases 
formed far below the silt which forms the soil of the valley 
to an estimated depth of 1,800 feet. 

Just south of the Mexican boundary line in the Imperial 
Valley there is a region comprising 30 to 40 acres where 
geysers are very active. This region is locally known as the 
“Volcanoes.” On August 21, 1916, these geysers were in a 
state of great agitation. Mr. C. R. Rockwood, chief engineer 
of the Imperial Irrigation District, happened to be in the vicin- 
ity on that day. He described the disturbance as follows: 


The eruption occurred about 4 o’clock in the afternoon, and was the 
most violent I have ever observed during the many years I have been in 
this locality. The explosions lasted through a period of 11 minutes, during 
which time I presume there must have been 100 distinct explosions cover- 
ing a lateral area 1,500 feet wide, each individual explosion being from 
20 to 100 feet in width, throwing up columns of mud and steam to a height 
of 600 to 700 feet. Previous to this I have never witnessed one of these 
explosions that threw mud into the air to a height greater than 200 feet; 
while ordinarily the height is but 15 to 50 feet. The active explosions 
are in a submerged area, small in extent. This, however, is surrounded 
by a wider area of sulphur cones; while the hot sulphur springs extend 
for several miles both to the north and south of the more active center. 
There was no earthquake at the time. 


In an investigation of gas rates conducted by the State Rail- 
road Commission, a representative of one of the public service 
corporations operating extensively in northern California testi- 
fied that earthquakes are a cause of leakage of gas from under- 
ground gas mains. As this loss is eventually borne by the 
consumer, it appears that the public interest would be served 
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Fic. 13. BUILDINGS IN THE BUSINESS DISTRICT OF SAN JACINTO, CALIFORNIA, 
WRECKED IN AN BARTHQUAKE ON APRIL 21, 1918. (Photograph by Homer 
Hamlin.) 


by a study of the problem, with a view of preventing the loss, 
if possible. 

Earthquake insurance is in growing demand. However, 
owing to the absence of trustworthy statistics in the past, rates 
have been more or less arbitrary, and most of them have had 
no scientific basis. In a few years, however, it is hoped that 
more reliable data will be available on which to compute rates. 

California has numerous astronomical observatories. It 
has occasionally happened that astronomers have detected 
earthquakes while observing a star through a telescope. Mr. 
Wendell P. Hoge, of the staff of the Solar Observatory of the 
Carnegie Institution of Washington located on the summit of 
Mount Wilson, California, noticed such an earthquake on 
March 22, 1916, while watching a star image in a 60-inch tele- 
scope. He reported: 

Oscillations of the star image in the field rapid and short at first, be- 


coming more marked in the middle, and diminishing at the end of the dis- 
turbance. Evidently a very faint shock. 


The most widely felt earthquake in 1917 occurred at 10:07 
P.M. on May 27. In the Imperial Valley some damage resulted 
through the cracking of walls, people were much frightened, 
and at a school in Brawley where commencement exercises were 
in progress several women and children fainted as a result 
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of hysteria. Concerning this earthquake Mr. Hoge, of the 
Solar Observatory, reported: 

This earthquake was observed by Astronomer Dr. Harlow Shapley 
while observing with the 60-inch telescope. Star image oscillated rapidly 
back and forth in field of view in eyepiece. Two shocks close together 
were observed. 

Various Japanese investigators have found that the barom- 
etric gradient offers a means of discovering unknown seismic 
zones or faults, as it was shown that the prevailing gradient 
at the time of an earthquake was nearly perpendicular to the 
fault. The method was found more feasible and more accurate 
than that of constructing the zones statistically by locating a 
large number of epicenters. In California, with well-developed 
barometric gradients occurring during the winter half-year, 
and with frequent earthquakes occurring throughout the year, 
this method offers an opportunity for some student of seis- 
mology to do useful work in locating fault zones which are 
still unrecognized. 

San Francisco has learned its lesson in the matter of fire 
protection in a region of high seismicity. When that city was 
destroyed by fire in April, 1906, it was because the water mains 
had been broken by the earthquake, and there was no water 
available for fire-fighting purposes. The water system has 


Fig. 14. STorE BUILDINGS IN THE HBPART OF SAN JACINTO, CALIFORNIA, 
WRECKED BY AN EARTHQUAKE ON ARPIL 21, 1918. Because of the fortunate time of 
occurrence, at 2:32 o’clock on a Sunday afternoon, the business district was largely 
deserted, and no lives were lost. (Photograph by Homer Hamlin.) 
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Fic. 15. A BUILDING ON MAIN Srreer, SAN JACINTO, CALIFORNIA, WRECKED IN AN 
BARTHQUAKE ON APRIL 21, 1918. (Photograph by Homer Hamlin.) 
om 


been reconstructed in such a way that an earthquake could not 
destroy its efficiency. But in the matter of building construc- 
tion, much is still to be learned. Steel-frame and reinforced 
concrete buildings will stand through a severe earthquake. 
Wooden buildings, too, will remain unharmed in destructive 
shocks, since they will yield to strains. Brick and concrete- 
block buildings are easily destroyed. But the most dangerous 
type of the construction is the primitive adobe, which is still in 
use among Mexicans and Indians. The lives lost in the Im- 
perial Valley earthquake of June 22, 1915, resulted from the 
collapse of adobe buildings. In San Francisco the owners of 
certain steel-frame apartment buildings advertise their prop- 
erty as being “earthquake-proof.” During the Exposition 
year, 1915, many visitors in San Francisco were disappointed 
in but one respect. They spent a week or two in that city 
without experiencing a single earthquake, whereas they came 
expecting to feel one at least every day. In the course of time 
laws will doubtless prevent the construction of projecting 
cornices in buildings, and the erection of overhead signs and 
electric wires in cities like Los Angeles and San Francisco, 
where a recurrence of severe earthquakes may be expected from 
time to time. 3 

At 3:01 A.M. on July 6, 1917, an earthquake occurred in the 
Owens Valley which caused a break 160 feet long in the con- 
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crete flume of the Los Angeles aqueduct. Under the direction 
of Mr. William Mulholland, chief engineer of the aqueduct, the 
damage was temporarily repaired by bridging the break with 
steel pipe. Since that time the flume has been rebuilt and 
reinforced. The water supply in Los Angeles was not cut off, 
because the break occurred above the Haiwee reservoir, which 
has a capacity sufficient for the storage of several weeks’ supply 
of water for the city. The city of San Francisco is now con- 
structing a similar aqueduct which will eventually be 200 miles 
in length, bringing water to the city from the Hetch Hetchy 
Valley. As a result of the damage sustained by the Los 
Angeles aqueduct in this and in other earthquakes, reinforced 
and specially adapted construction is planned for the San Fran- 
cisco waterway in those places where it will cross recognized 
fault planes. 

The term “earthquake weather” is often encountered in 
California. ‘Those who use the term are unanimous in refer- 
ring to a condition of hot and calm weather, without much 
cloud, but usually with more or less haze and diminished 
visibility. The condition referred to is similar to that which 
precedes a summer afternoon thunderstorm in the Middle West. 
While many of the earthquake observers believe that there is an 
intimate relation between earthquakes and the weather, meteor- 


Fig. 16. A CONCRETE-BLOCK BUILDING WRECKED BY AN BHARTHQUAKE. Pxperi- 
ence has shown that reinforced concrete, steel-frame and wooden buildings will stand 
through severe earthquakes, whereas brick, concrete-block and adobe buildings are 
easily destroyed. (Photograph by Homer Hamlin.) 
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ologists firmly maintain that there is no real relation. Pro- 
fessor W. J. Humphreys, of the Weather Bureau, believes that 
the apparent relation can be explained in terms of human psy- 
chology,—that the observer under the weather conditions de- 
scribed above is in a sensitive and expectant mood, with a 
feeling of apprehension, and hence feels slight earthquakes 
which under other conditions might pass unnoticed. 

The attitude of the California newspaper editors toward the 
reporting and the publishing of earthquake data is curious. 
There seems to be a gentlemen’s agreement among editors to 
omit all reference to the occurrence of earthquakes. Frosts, 
fleas and earthquakes are tabooed subjects. Such information 
does not attract settlers, nor does it aid in selling real estate. 
Perhaps it is for these reasons that seismologists receive neither 
sympathy nor support from the press. The general public 
promptly plunges into a kind of hysteria when a severe earth- 
quake occurs, but soon relapses into complacent indifference 
when the immediate danger is over. Seismological research is 
therefore left largely to a few individuals like Dr. J. C. Bran- 
ner, of Stanford University, the real founder of the Seismolog- 
ical Society of America, and who remains to-day the most en- 
thusiastic student of seismic phenomena in America. 

A discussion of California earthquakes would be incomplete 
if it did not attempt to correct certain false notions concern- 
ing the danger from earthquakes. While the seismicity of the 
state is acknowledged to be high, the highest in the United 
States, the actual danger to one living in any particular locality 
is small indeed. Though written almost 50 years ago, the 
following words of General Hardenburg, U. S. Surveyor-Gen- 
eral in 1871, are still true: 

Reasoning from the foregoing historical facts, I am firmly of the 
opinion that the earthquakes of California are not so much to be dreaded 
as is generally supposed; in fact, that they are far less dangerous to life 


and property than are the hurricanes of the South, or the summer tor- 
nadoes of the North. 
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A POLICY FOR THE U.S. NATIONAL MUSEUM 


By Professor T. D. A. COCKERELL 


UNIVERSITY OF COLORADO 


T is related that a couple of habitual and impecunious pedes- 
if trians, sitting by the roadside, engaged in conversation 
as follows: 

“IT wish I had a million dollars.” 

“Suppose you had, would you give me a thousand?” 

6é No.”’ 

“Would you give me a hundred?” 

66 No.”’ 

“Well, wouldn’t you even give me a dollar?” 

“No, I wouldn’t give a cent to a man too 
wish for himself!” 

Perhaps this story may throw light on the failure of the 
scientific public to get perfectly satisfactory service from the 
National Museum. We have been too lazy, or too indifferent 
to wish for ourselves. We have expected some one else, vaguely 
“the administration,” or Congress, to do the wishing, and as a 
result hand out to us our share of the proceeds. We have 
rather forgotten that we live in a democracy, and that the will 
to do must be ours if we are to be properly served. If recent 
events have suggested that another theory obtains in influential 
quarters, it is the more necessary for us to be intelligently 
articulate. It is indeed true that the National Museum repre- 
sents a highly technical branch of the public service. As such, 
it must not be subject to the light winds of public fashion or 
fancy, and still less to political dictation. It must have an es- 
sential stability, a continuity of plan and purpose through the 
centuries. It must be administered by experts, who must be 
trusted and given the necessary powers. Granting all this, it 
must still remain true that the purpose of the institution is 
service, and that public support should depend on public ap- 
proval. It is surely the duty of the scientific fraternity to state 
the functions and express the needs of the museum. Demands 
backed by united scientific opinion should have weight with the 
public, and hence eventually with Congress. In approaching 
the practical problems of such an institution as the National 
Museum, it is readily seen that these divide themselves roughly 
into two groups. First, there are those matters which have to 


lazy to 
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do with internal administration, or which primarily involve 
rules and customs rather than the expenditure of money. We 
find, for example, that the correspondence of the curators is (or 
recently was) involved in a system of red tape which is ex- 
tremely vexatious and has little relation to practical utility. 
Along with this we have found a lack of adequate supervision 
in certain quarters, permitting practises detrimental to the col- 
lections. There is no large institution, I presume, which is 
wholly free from administrative defects. This condition arises 
out of the very nature of things, and can only be controlled by 
perpetual vigilance. If the institution is governed under a 
system of cast-iron rules, regulating every detail of procedure, 
it is incapable of changing with the times and meeting with 
new requirements. If, on the other hand, it is made as free as 
is consistent with order, and every latitude is allowed to indi- 
viduals, it will never happen that all will prove ideally wise, 
faithful and industrious. The first of these alternatives is in- 
tolerable in America, but the second involves greater responsi- 
_ bilities for all concerned. As regards these matters of internal 
administration, it must be said to-day that noteworthy progress 
has been made. From the days of the foundation of the Smith- 
sonian Institution the curators have rendered ever increasing 
aid to scientific men all over the country, and have enormously 
added to our knowledge of American and even Old World nat- 
ural history. There is probably hardly a zoologist, botanist, 
geologist or ethnologist in the country who can not recall being 
assisted, not once, but many times. This assistance has very 
often come when it was most needed—when the man was young 
and unknown, striving to get his first hold on some branch of 
science. The magnitude and importance of these services can 
hardly be exaggerated; they have not been appreciated by the 
public because no combined or clear presentation of them has 
ever been made. The official reports, while giving many exact 
details, are too dry and too little humanized to attract general 
attention. 

In the department of entomology, with which I have been 
especially concerned, a concerted effort is now being made to 
put things on a better footing, and develop collections in all re- 
spects worthy of such.a nation as ours. There are many prac- 
tical reasons for this. Enormous losses to crops and health 
have resulted from the attacks of insects. Insects have afforded 
the material for the elucidation of some of the most important 
and far-reaching biological problems. Insects also afford ideal 
material for amateur study, as they are present in abundance 
everywhere, and their investigation requires little space or ex- 
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penditure of money. So whether we are concerned with the 
production of food, or the public health, or the philosophy of 
nature, or the development of some of the finer qualities of the 
human mind, we turn to the abundant life of the insect world. 
The Entomological Society of America and the Association of 
Economic Entomologists have for some years had committees 
working on the museum’s entomological problems. In their 
efforts they have had the cooperation of the museum curators 
and officials, and to-day there is general agreement concerning 
the policy to be pursued, as well as renewed interest in the 
whole matter. Whatever can be done under existing condi- 
tions will be done—is being done. 

At this point, however, we come to the second great group 
of problems—those which involve the expenditure of money 
and hence greater public support. It is useless to criticize offi- 
cials for not making bricks without straw. ‘They may perhaps 
be criticized for not putting up a better fight; but those who are 
not on the inside have little idea of the continuous and persistent 
struggle which has resulted in the gains so far obtained. Here 
again we seem to forget that we are a democracy, that Con- 
gress is responsible to the people rather than to the officials. 
Members of Congress usually know next to nothing of science, 
and have no means of estimating the validity of the claims made 
upon the national purse. They know that museum officials are 
pushing their own interests, and are likely to discount their 
statements accordingly. They also fail to perceive any polit- 
ical advantage in helping the museum, since their constituents 
appear to be absolutely indifferent to the matter. It is surely 
for us, who are scattered over the country, to make ourselves 
heard, and create a demand to which Congress will eventually 
respond. It is for us to make up our minds what we want and 
tell the people—in short, to carry on a propaganda. Progress, 
in such a country as ours, involves publicity. 

Going into details, it would be easy to write a book on the 
policies and functions of the museum. It is, however, possible 
to state the more salient ones in a few words. In the case of 
entomology, for example, the prime needs, following a policy of 
necessary expansion, are curators and space. The latter in- 
volves a separate building, since the existing one is already 
overcrowded. The curators should be sufficient to take care of 
all the collections and carry on continuous researches. We are 
now starting a movement to greatly increase the collections, 
which are very inadequate in certain directions. It is expected 
that great quantities of material will be donated, as entomolo- 
gists perceive that the specimens are being taken care of and 
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studied. Thus the museum will, through making provision as 
indicated, reap large rewards without further expense. It is 
in this manner that the British Museum has built up its mag- 
nificent series of the insects of the world. 

These proposed developments are entirely in line with past 
progress. Others involve more novel methods or activities. 
Expeditions such as those headed by Mr. Roosevelt have greatly 
enriched the museum and added to knowledge. But we now 
need a systematic policy of exploration, especially in the West- 
ern Hemisphere. The great Biologia Centrali-Americana was 
financed and published by Englishmen. In earlier days, the 
Germans elucidated the fauna and flora of Brazil. It should 
be a pan-American policy to investigate every part of the West- 
ern Hemisphere, and describe its products. In this work, so 
far as the natural sciences are concerned, the United States 
National Museum should take the lead, seeking the cooperation 
of every nation concerned. The duty and advantage of such a 
policy are so obvious that they hardly require discussion. Here, 
at least, is a field for the cultivation of friendly relationships 
and civilized intercourse, and an opportunity for the increase 
of useful knowledge. Steps have already been taken in this 
direction; important and successful expeditions have gone out 
from Harvard, Princeton, Yale, Cornell, Michigan, Iowa, In- 
diana, the New York Botanical Garden, the Carnegie Museum, 
the American Museum of Natural History, not to speak of the 
work of the National Museum itself. The results are already 
great, and interest in many quarters is keen. It only remains 
to develop a concerted plan, and seriously set about it to cover 
the entire field. We must do somewhat as the astronomers did, 
when they undertook to map the sky and enumerate the stars. 
Our undertaking is of even greater magnitude. 

A quite different need, but growing out of those already 
mentioned, is a National Museum printing establishment. The 
American Museum in New York does its own printing, and finds 
the policy advantageous in every way. Under the present law, 
the National Museum is obliged to print its Proceedings at 
the Government Printing Office, which is already more than 
crowded with work. The result is great delay, and great diffi- 
culty in getting the work done. At the present moment condi- 
tions seem worse than ever before. If the museum had its own 
establishment, with sufficient funds to carry it on, it might 
_ publish all the research work done under its auspices or on its 
collections without difficulty and without delay. The printers 
would acquire great skill in the special kind of work required, 
so that typographical errors would be reduced to a minimum. 
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As things are now, even if we had all the facilities referred to 
above—plenty of curators, adequate collections and room, the 
whole organization would be stultified by the impossibility of 
getting more than a small fraction of its results before the pub- 
lic. Furthermore, many would be discouraged from writing on 
museum materials, as indeed they are to-day. There is little 
advantage in accumulating knowledge if it can not be communi- 
cated to those concerned. There is still another major policy 
which should be defined. The National Museum should become 
national in a larger sense. It seems to me that it should estab- 
lish branch museums, in cooperation with local authorities, in 
a number of different states. Possibly half a dozen such 
branches might be created in the near future. In them could 
be kept special collections illustrating the natural history of the 
regions they represented. They could also receive materials 
on loan from the central museum, thus making them accessible 
to many who could not visit Washington. The abundant dupli- 
cates at present in the National Museum could be distributed 
tothem. The various expert curators could spend some months 
in them, working on the local collections and arousing local en- 
thusiasm. In this way every section of the country would 
come to know something of the activities of the National Mu- 
seum, and would value its services. The increased expense 
would be more than met by increased popular support. I un- 
derstand that the museum authorities have for some time had a 
plan of this kind in mind, but I do not know any details. 

It is quite conceivable that the underlying principle of the 
branch museums might even be extended to cover the whole of 
North and South America.. The museums outside of our boun- 
daries would then be affiliated or cooperating museums. But 
in essential function there might be little difference, except that 
the benefits in the way of loans would be more completely 
reciprocal. Such a pan-American museum policy could only 
have good results. Underlying all these reforms and develop- 
ments should be the policy—I believe not clearly enunciated in 
the existing law—of making the museum primarily a research 
organization. Its function should not be static—that of simply 
caring for the collections—but intensely dynamic. It should 
and must be one of the greater influences for human advance- 
ment and human welfare. By making it a greater source of 
knowledge we shall at the same time make it a great educa- 
tional institution, teaching educated people and experts from 
the Atlantic to the Pacific, and indirectly fertilizing every field 
of educational activity. Could there be a grander function, or 
one more worthy of public support? 
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GUSTAF RETZIUS, 1842-1919 


By Dr. OLOF LARSELL 
UNIVERSITY OF WISCONSIN 


T is given to few men to become outstanding leaders in any 
field of science, and positions of eminence simultaneously 
in several fields are at the present time almost impossible of 
attainment. Such a position was, however, occupied by the 
subject of our sketch in each of the sciences of anatomy and 
its sister, anthropology. To both of these fields of knowledge 
he made contributions of enduring worth in some of their most 
difficult branches. As if this were not sufficient to absorb his 
energy and zeal, several volumes of poems, both original and 
translated, numerous sketches of his extensive travels in other 
lands, political writings, and other forms of literary endeavor 
emanated from his prolific and resourceful pen. 

Magnus Gustaf Retzius was born in Stockholm, October 17, 
1842. He came of a family which was distinguished in science 
and medicine, not only in his native land, but at least in the 
case of his father, throughout Europe and America. 

His father, the celebrated anatomist and ethnologist, Anders 
Adolf Retzius, was professor of anatomy at the Caroline Med- 
ico-Chirurgical Institute of Stockholm. This position he held 
from 1824 until his death, which occurred in 1860. Anders 
Adolf Retzius was born in Lund on October 138, 1796. He 
studied at the University of Lund, and then for a time at Copen- 
hagen. On his return to Sweden he gravitated toward the capi- 
tal while still a youth, for we learn that in 1818, Anders Johan 
Retzius, the father of Anders Adolf, who had been ill for some 
time, received a stroke which paralyzed the lower part of his 
body. Anders Retzius the younger, therefore, came to Lund 
and took his father to Stockholm. 

On December 27, 1823, Anders Retzius, the father of Gustaf, 
was appointed professor of veterinary science in the veterinary 
school of Stockholm and, on September 16 of the following 
year, he was made profesor of anatomy at the Caroline Medico- 
Chirurgical Institute. He was then 28 years of age. This po- 
sition he continued to hold until his death, as previously stated. 
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The Caroline Institute had been founded but a few years 
previously, in 1815, and it appears due very largely to the or- 
ganizing ability and the scientific work of Anders Retzius that 
this medical school attained the position of prominence which 
it has come to occupy in the Scandinavian countries. 

Anders Johan Retzius, the grandfather of Gustaf, was pro- 
fessor of natural history at the University of Lund from 1787 
until 1812. He appears to have been interested particularly 
in rocks and minerals, for he presented a collection of these to 
the University in 1815, which is mentioned in the record of the 
University celebration in 1897, which marked the quarter cen- 
tury of the reign of King Oscar II. 

An uncle of Gustaf, Magnus Christian Retzius, from whom 
the subject of our sketch apparently received his first name, 
which, however, was seldom used in later life, was also born in 
Lund. He was two years the senior of Anders Adolf. He 
completed the medical course at Lund and received the degree 
of Doctor of Medicine in 1815. Soon after this, apparently, he 
removed to Stockholm. Before taking his degree he had served 
as battalion surgeon with the Swedish army in the campaign 
against Norway in 1814. In later life he occupied various posi- 
tions of eminence on the medical staff of the army and also 
built up an extensive medical practice in Stockholm. 

The scholarly traditions of his family showed themselves 
by numerous medical and anatomical contributions. Magnus 
Christian Retzius died October 1, 1871. 

By the removal of the two brothers to Stockholm, and by 
the bringing to that city also of their father in his old age, the 
Retzius family was now established in the capital city of the 
country. Here Anders Adolf married Emilia Wahlberg, also 
of a family distinguished for its love of natural history and 
scientific pursuits. One brother of the mother of Gustaf was 
a botanist, apparently of some note in his own country, and 
another brother was an engineer and explorer. 

With this background it is not surprising that the young 
Gustaf should have developed the remarkable zeal for biological 
science which characterized his work for more than half a 
century. 

Concerning his boyhood and his veneration of his father we 
have a glimpse in a letter? which he wrote in 1892 when he was 
at the height of his powers, and already famous. This letter 
was written to the editor of a series of short sketches and auto- 


2 Retzius, Gustaf, “ Sjalfbiografisk skizz. Autografin och portriter af 
framstande personer,” Ser. 3, 1892, Hft. 9 b. 
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graphs of the leading men of Sweden. Because of the illumina- 
tion it sheds on the character of the son himself it is worth 
quoting in full in a translation which has attempted to preserve 
the spirit of the original, although the phraseology on that ac- 
count appears here and there somewhat clumsy in the English. 


Mr. Editor:— 


When to-day, April 18th, the anniversary of my father’s death, I re- 
ceived your letter requesting me to send you my autograph, it appeared 
particularly fitting to sketch a few of the picturés from the past which 
such an anniversary calls forth for recollection. 

It is now 32 years since my father, after a few days’ illness, was sud- 
denly sent away from his comprehensive and influential work. He had 
recently been greatly pleased that the same Spring I should become a 
student and that soon thereafter he should have me as a disciple in the 
anatomical lecture room in which for more than thirty-five years with 
never-tiring energy, love and wisdom he had fostered generation after 
generation of the healing art’s young followers. And I was delighted at 
the prospect with all the enthusiasm of youth. His death put an end to 
the hopes of us both, and although a couple.of weeks later I donned the 
white cap in Upsala—after having with my father’s approbation “ hopped 
over ” the fourth ring in the gymnasium—yet I felt to the full extent the 
irretrievable loss I had suffered. 

I had by the exertion of all of my young strength worked myself 
through the long hated requirements of the school, with its narrow-minded 
coercion, unnecessary grinding, needless and musty lore, in order to be 
initiated into the world where all of my desire was: nature’s wonderful 
world, under an awake, inspired and learned father’s leading. 

And thus the leader went away, just as I stood at the threshold. I felt 
myself uncertain, groping. But I cast myself in, however, with other 
seekers after knowledge, and so proceeded further on the way, sometimes 
with tottering steps. But the way led nevertheless forward. 

When I now in retrospect think upon how it came about that I fol- 
lowed in my father’s footsteps, that I not only became a naturalist, but 
particularly anatomist, histologist and anthropologist, then I see that it 
occurred because he, although gone, has yet been my invisible leader. The 
seed which he implanted in my mind in my years of childhood have long 
afterward sprouted. 

In very truth during my youth neither my father nor I had time for 
much talk with one another. He was occupied all day in absorbing work, 
with his instructing, his scientific researches, his correspondence and with 
a thousand other tasks which were foremost for his restless spirit’s in- 
dustry. I also had my constant school-going which not seldom led to real 
over-exertion. But I met him at meal times, saw and heard him often in 
company with others, especially noted naturalists, Swedish as well as for- 
eigners, the last named of whom sought him in Stockholm on their summer 
trips. I was permitted during my gymnasium years to accompany him on 
journeys to Germany, France and Switzerland and was thus, in his com- 
pany, guest of the contemporary most outstanding men among naturalists, 
such as Johannes Miiller, Ernst Heinrich Weber, Rudolph Wagner, Bischoff, 
Justus Liebig and many others. I heard them discuss scientific problems 
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with a zeal, a geniality, a devotion, which must make an impression on 
the mind of a youth. I obtained also thus a little insight into what scien- 
tific work is and what it requires. I received a glimpse that it is not on 
the king’s highway one pursues his calling, that the cross-beam demands 
on all sacrificing patience, a perseverance without limits, an unheard-of 
spirit of sacrifice. I understood, therefore, even then, better my father’s 
industry at home, his giving himself up to science, his “ holy fire.” 

But there was also something else which made an impression on my 
young mind. My father worked not alone with books and desk. “ Search 
first and read afterward” was one of his principles. He opened always 
first nature’s book before he turned to the book-shelf. He seized upon 
knotty problems (certain knots) knowingly, with lively interest, strove for 
progress in all directions, but foremost of all it was Biology which urged 
him on, not alone human anatomy and physiology, but all of living nature. 
Therefore he always tried to plant in his little garden new and useful 
plants. On this account he sent to his home strange living animals. I 
long had my trundle-bed in the same room where these animals were gen- 
erally kept, my father’s work- and writing room in his dwelling-house at 
the Caroline Institute, of which institution he was the inspector and 
leader, indeed the creator. I remember even yet so well how a large 
human skeleton stood beside my bed, and how in the window were placed 
aquaria and jars with lizards and tree-frogs, indeed one of the bellowing 
giant-frogs of Brazil which when it got loose made room-high jumps. 
There were casks with young salmon-fry, whose further development my 
father studied. And each spring when the ice broke up, he took me with 
him to Kungsholmbrun, where we clattered down on the stone piers to the 
water’s edge and gathered small water animals, infusoria, bryozoans, and 
worms, which we took home to the aquaria. I shall never forget my 
father’s enthusiasm when he observed under the microscope the wonderful 
life which was unfolded in the water of these aquaria, and of which he 
with his spirited descriptive art tried to give me an inkling. I shall never 
forget his burning interest, his love of truth and the alert, keen look, con- 
cerning which a foreigner one time said that in case there was any proof 
needed for immortality, Anders Retzius’ glance was such a proof. 

Only a single time was I permitted to hear my father lecture in his 
auditorium. He took me, naming I know not what reason, with him to 
the anatomical lecture-room and allowed me, gymnasium student, to sit on 
a bench in the midst of the large crowd of medicophiles, to whom I looked 
up with reverence. The lecture to which I then listened stands out to-day, 
after 34 years, in my memory as if I attended it yesterday. Such an orig- 
inal presentation have I never seen or heard since. 

He lectured on the trachea, its structure and function. With a vivac- 
ity, which for a man of 60 years must be thought phenomenal, with a 
youthful verve and enthusiasm, of which very few teachers even in their 
prime are in possession, he gave an illustrated picture of this organ’s won- 
derfully simple, and yet so ingenious structure, and its great importance 
for mankind. _ He entered with all his might into his subject. His mobile 
features made clear the shades of meaning with a clever mimicry. His 
hearers followed with intense attention the by no means arranged, but all 
through, spirited exposition. One immediately caught the contagion of 
zeal and laughed heartily at the original fancies which spiced the lesson, 
which had quite a different form than that of the ordinary dry lecture. I 
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have often reflected since then over it and seen that in such manner lec- 
tures may have much greater influence than as ordinarily given. 

I have here in a few rough sketches tried to delineate the impulses 
which my father, notwithstanding his death, gave me during my years of 
youth for my journey through life. Much might be said here of the great 
example which his outstanding personality gave to all who came into con- 
tact with him. Much might also be said of the influence which my mother 
with her unceasing, devoted interest, and which her brothers, the botanist 
P. F. Wahlberg, and the engineer-naturalist J. A. Wahlberg, had on my 
orientation—not least the last named, who daily took his meals at my 
parents’ home. He, who dreamed of nature, often took me as a child, with 
him on his rambles in the suburbs of Stockholm. He taught me to speak 
the flowers’ “language,” and the birds’ song—the only music I even to-day 
understand. And it was earnestly debated that I, as a ten-year-old boy, 
should go with him to the unknown lands of inner Africa, on his last expe- 
dition, where he laid down his life. But if a description of this man’s 
noble personality might be of interest here, yet has this autograph already 
grown beyond its prescribed limits and it is time to conclude. 

‘The scattered pictures and impressions which I have drawn from my 
youth may serve at least to show “ why I became a naturalist.” 

But they may serve at the same time to show something which may be 
of general interest. They may give to those who have the upbringing of 
children on their hands, a glimpse of the important weight of the influ- 
ences which in the home and in the environment, affect the child’s future 
development. It is not so much the lessons of the school, admonitions and 
punishments, which up-foster and give foundations. It is in a much 
greater degree living examples. 

GUSTAF RETZIUS 


STOCKHOLM, 18 April, 1892 


Concerning his studies at Upsala there is little or no infor- 
mation at present available. Since he entered in 1860, at the 
age of eighteen, and did not receive his medical degree until 
1871, he must have spent a number of years at Upsala. He 
then attended medical lectures at the Caroline Institute for some 
time. It appears likely that his medical degree was received 
from the University of Lund, as one of his biographers states, 
instead of from the Caroline Institute as several others imply, 
since it was not until 1874 that the Caroline Institute attained 
the right held by the state universities of Lund and Upsala, to 
hold examinations and confer degrees in its special faculty. 
Many students from all the Scandinavian institutions took their. 
examinations and degrees at Lund, after pursuing their studies 
at one or another of the other schools. | 

In these years of his university life, Retzius already began 
the productive literary and scientific labors which were soon to 


_bring him distinction. In 1864, at the early age of twenty-two 


years, he collected, edited and published his father’s contribu- 
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tions to ethnology, together with some of his father’s letters. 
About this time also he began the comprehensive researches 
which resulted thirty-six years later in his monumental work, 
“Crania Suecica Antiqua,” published in 1900. In 1871, the 
year in which he received his medical degree, he published a 
58-page volume of sonettes, which must have been the accumu- 
lation of a number of years, and the following year, 1872, he 
published a small volume of translations into Swedish of some 
of the poems of Robert Burns. 

This purely literary work, however, was to lapse for a num- 
ber of years, for in 1871 he became a docent in anatomy at the 
Caroline Institute. He had already, in 1869, begun a series of 
researches in collaboration with Axel Key on the anatomy of. 
the nervous system and the connective tissues which gained 
recognition from the French Academy in the bestowal upon 
Retzius of the Monthyon prize. In 1873, in company with 
Lovén and Nordensson he undertook a journey to Finland and 
Russia for the purpose of studying the anthropology of the 
Finns. This resulted in the publication in 1878 of his impor- 
tant work on “ Finska Kranier.” A monograph on “ Das Ge- 
hérorgan des Knockenfische” appeared in 1874, and was the 
forerunner of important researches on the auditory organ of 
vertebrates, the larger results of which were published in 1881 
and 1884, comprising two volumes with the title “Das Geh6r- 
organ der Wirbelthiere.” The figures of Retzius representing 
the inner ear and the organ of Corti are still reproduced in 
many modern text-books. These researches on the auditory 
organ were continued many years later after the introduction 
of the newer methods of nerve staining, and form the basis of 
several contributions in his ‘ Biologisches Untersuchungen.” 
They reveal his abiding interest in this difficult subject. 

In 1877 Retzius was made “ personligt” professor of his- 
tology at the Caroline Institute, and in 1888 was advanced to a 
full professorship. This, however, he resigned the following 
year in order to devote all his time to his investigations, an ap- 
parent ambition to occupy the position so long held by his 
father having been satisfied. 

During the eleven years of his assistant professorship nu- 
merous contributions were made to histology and neurology. 
In 1881 and 1882 appeared two volumes of researches by him- 
self and younger workers under his direction on purely histo- 
logical subjects. These two volumes constitute the first series 
of his ‘‘ Biologisches Untersuchungen.” Because of other duties 
as he states in the preface to Volume I. of the new series which 
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was begun in 1890, and because he found opportunity to publish 
a series of researches in the proceedings of the Biological So- 
ciety, the “‘ Biologisches Untersuchungen” was allowed to lapse 
as a distinct publication for a number of years. 

Some of these other duties to which he refers were of a 
nature usually quite foreign to the laboratory man. From 
1884 to 1887 he was chief editor of the Stockholm Aftonbladet, 
a daily newspaper of considerable circulation. Retzius became 
connected with the Aftonbladet through his marriage with 
Anna Elizabeth Hierta, the daughter of the owner and founder 
on the paper, Lars Hierta. Hierta was a man of considerable 
' wealth and of influence in his country. He held various offices, 
including a seat in the riksdag at various times. After his 
death, which occurred in 1871, his widow gave 100,000 kronor 
to the “ hogskola” of Stockholm to establish a chair of political 
economy, and several years later she established a foundation 
of 400,000 kronor in memory of her husband. 

It was this marriage, sympathetic as well as fortunate 
financially, which placed ample means at the disposal of Retzius 
for his later scientific work, and for the publication of this in 
the sumptuous form in which most of it is found. 

A year after the resignation of Retzius from the chair of 
anatomy at the Caroline Institute, that is in 1890, appeared 
Volume I. of the New Series of “ Biologisches Untersuchungen.” 
These volumes appeared at intervals of from one to three years, 
until by 1914, eighteen volumes had been published. They are 
of folio size, illustrated with handsome plates, some 478 in all, 
many of which are in colors. The text is usually brief, but 
carefully descriptive of the various subjects treated, and in 
addition to the description, contains a review of the literature. 

These volumes contain only work which he himself had 
done, as he states in the preface to the first volume. By far the 
greater number of the thousands of figures included in the 
numerous plates are indicated as drawn by his own hand. He 
employed an artist for such figures as required delicate lines 
and shading, but with a few and unimportant exceptions, the 
figures which were drawn from microscopic preparations, were 
his own work. 

Retzius was very generous in his acknowledgment of the 
help afforded him by artists and photographers when he em- 
ployed them. In the last three volumes of the ‘‘ Untersuch- 
ungen,” which include much cytological work, he also expresses 
great appreciation of the services of his technician for the beau- 
tiful preparations on which these studies were based. 
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It is impossible in a brief space to present any adequate con- 
ception of the content of these eighteen volumes. ‘The first nine 
volumes were devoted very largely to the nervous system of 
various invertebrate groups, as the crustaceans, the annelids 
and others, and to the histology of different types of nerve ter- 
minations in both invertebrates and vertebrates. To these in- 
vestigations he applied the then new Golgi and methylene-blue 
methods of staining. Many of these descriptions and figures 
have become an integral part of every general treatise on the 
histology of the nervous system. 

Beginning with Volume VIII., however, appeared also a 
series of studies on the brains of eminent men. The first of 
these was a study of the brain of the astronomer, Hugo Gyldéns. 
In the preface to this volume, Retzius in a manner apologizes 
for the fact that three years had elapsed since the appearance 
of the last volume, but states in extenuation that “my time has 
been employed in other work—e.g., in 1896 on the monograph 
‘Das Menschenhirn.’” This was a two-volume work which did 
much to clear up some of the most difficult parts of the morphol- 
ogy of the brain, e.g., the structures related to the dentate gyrus 
and other parts of the rhinencephalon. This work included 
not only a study of the adult brain, but the brains of a large 
series of human fetuses of various stages of development were 
included. 

Another subject which attracted Retzius was the study of 
the spermatozoa of various groups of animals, from inverte- 
brates to man. The sperms of scores of species were described 
and figured, and considerable attention was paid to a com- 
parison of these cells in the higher apes and in man. 

Volume XV. of the “ Biologisches Untersuchungen ” (1910) 
contains the first of a series of cytological studies on the ova 
of various invertebrates, chiefly Echinoderms. Retzius was 
now sixty-eight years old and it is remarkable that at this age 
he should still keep sufficiently abreast of the newer develop- 
ments of biological science to take up research in a field which 
presents so great technical difficulties. The drawings, and ap- 
parently the preparations for these first studies were made by 
himself, for in Volume XVI. (1911) for the first time appears 
any reference to the work of a technician. 

The wide range of his friendship with the scientific men of 
Europe is indicated by the dedications of these handsome vol- 
umes. The names of Kolliker, Nansen, Cajal, His, von Ebner, 
Schwalbe, Waldeyer, Oscar Hertwig, and others, usually with 
the inscription, in “friendly veneration” adorn the dedicatory 
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pages of his volumes. Other volumes are dedicated to various 
members of his family. The scientific work of Retzius received 
widespread recognition by his election to honorary membership 
in the learned societies of the chief cities of Europe and Amer- 
ica—indeed, the catalogue of the societies to which he was 
elected is very similar to a list of the capitals of Europe, with 
Philadelphia and Washington added. Honorary degrees were 
conferred upon him by the Universities of Upsala (1893, 
Ph.D.), Bologna, Wurzburg, Cambridge, Geneva and others, 
and various governmental recognitions were bestowed. 

In 1908 he was called upon to deliver the Croonian lecture 
before the Royal Society of London. He chose for his topic 
“The Principles of the Minute Structure of the Nervous Sys- 
tem as Revealed by Recent Investigations.” A perusal of this 
lecture, which is contained in the Proceedings of the Royal So- 
ciety serves well to reveal the modesty and pleasing ‘address of 
the man. In the following year he returned to England to de- 
liver the Huxley lecture before the Royal Anthropological Insti- 
tute of London. On this occasion he spoke on the “So-called 
North European Race of Mankind.” In this lecture he took a 
somewhat pessimistic view as to the ability of the Nordic race 
whose characteristics the studies of his father and himself had 
done so much to differentiate, to meet modern conditions of 
industrial life in competition with the smaller bodied, vegetable- 
eating races of southern Europe. The Nordic race requires 
the open country and flesh for food. It is a race of warriors, 
administrators and farmers, not of city dwellers or workers in 
factories. Such are the outlines of his thesis. 

Professor Keith, the celebrated English anthropologist who 
heard him on that occasion writes® 


No fellow of the Institute who had the fortune to listen to the Huxley 
lecture of 1909 can forget the graciousness, courtesy and modesty of the 
lecturer, nor the pleasant memories which his wife and he left with his 
audience. | 


In summing up his scientific work we may again quote Keith 
who says 


He did more to enrich the literature of physical anthropology, anatomy, 
and physiology than any other man of his time. His numerous mono- 
graphs deserve to be called princely, whether we consider the finish, the 
magnificence of their illustrations, their full and accurate record of ob- 
servation, or the exactness of the methods which were employed in their 


_ production. 


8 Keith, A., Gustav Magnus Retzius, Man, Vol. XIX., No. 10, October, 
1919. 
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No picture of Retzius would be complete without further 
reference to his other than strictly scientific activities. In 
1884, as already noted, he became head editor of the Afton- 
bladet. His early literary work had been excellent prepara- 
tion for this position, which he filled for three years. Numer- 
ous contributions on politics, sketches of his travels, and 
biographical sketches of scientific men, foreigners as well as 
his own countrymen, were made by him through the columns 
of this daily paper during this period, and also after he relin- 
quished his editorial duties. 

Retzius made numerous journeys to the various countries of 
Europe, and also to other continents. The benefit of these 
travels he shared with his countrymen, so far as was possible 
through the sketches to which reference has already been made, 
and through a volume of 372 pages, which appeared in 1891, 
entitled “‘ Pictures from the Nile Country.” Another volume 
of 96 pages appeared the following year on “Pictures from 
Sicily.” In 1893 and 1894 appeared a series of 34 letters in the 
Aftonbladet, called ‘‘ Pictures from North America.” 

Reference has already been made to the early literary work 
which through the pressure of his scientific researches was 
neglected for a number of years. That Retzius continued his 
interest in poetry, however, and in music, despite his expressed 
diffidence in understanding the latter, is evident in the publica- 
tion in 1911 of a 242-page octavo volume of poems, and in the 
preparation by him of two cantatas. The first of these ap- 
peared in 1898 on the occasion of the celebration of the memory 
of Jacob Berzelius, for many years the Nestor of modern chem- 
istry in the early part of the nineteenth century. The second 
cantata was produced at the celebration under the auspices of 
the Royal Academy of Stockholm, of the 200th anniversary of 
the birth of Linnzus, May 25, 1907. 

Retzius’s greatest interest, however, aside from his re- 
searches, apparently lay in the same direction to which we are 
at present turning our thoughts, namely, in the lives and per- 
sonal history of the makers of science. Some fifty biographical 
sketches of scientific men, for the most part workers in the 
biological sciences, were published by him. Most of these were 
published in the Aftonbladet, in an effort to make more wide- 
spread the gospel of scientific work. In connection with this 
phase of his intellectual activities he became interested in the 
anatomical and physiological writings of Emanuel Swedenborg, 
to which he gave considerable study. For a time, including the 
year 1903, he served as president of the Swedenborg committee 
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of the Swedish Academy of Sciences, whose purpose was to 
bring to light some of the forgotten discoveries of the mystic 
genius whose writings they studied. 

To give in the briefest form possible a comprehensible glance 
at the activities of Retzius, as evidenced by his published work, 
we may divide his publications into five groups. Group 1, rep- 
resenting his work in natural science, includes 127 titles, many 
of which represent one or more large volumes. Group 2, which 
represents his studies in biography, includes 50 titles. Group 
3, his travel sketches, were published under 24 different titles. 
Group 4, poems and literary translations, is represented by 5 
titles, and Group 5, which includes his political essays and 
miscellaneous contributions, includes some 35 titles. To these, 
numbering 244 contributions in all, should be added several vol- 
umes which were edited and published by Retzius, such as the 
ethnological writings of his father, and two volumes which in- 
cluded letters of his father, Anders Retzius, to various men. 
These constitute his bibliography to the year 1914. 

In addition to membership in the leading scientific societies 
of Europe and America, and the bestowal of honorary degrees 
by a number of universities, Retzius also received recognition 
as the recipient of various prizes from scientific bodies. 

He died on July 21, 1919, full of honors and of years, for 
he was seventy-seven years of age. He had seen the science 
of anthropology established, and had made important contribu- 
tions to it. Likewise he had taken an important part in the 
development of many phases of histology, and had been one of 
the pioneers in the study of the nervous system by modern 
methods. It appears likely that in the histology of the nervous 
system, especially, the name and contributions of Retzius have 
found a permanent place. 
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THE PHYSICAL SPENCER 
By Dr. JAMES FREDERICK ROGERS 
NEW HAVEN, CONN. 


Men’s characters must be in part determined by their visceral 
structures. 


O modern writer has preached the gospel of health more 
N earnestly than Herbert Spencer, and no other man has 
had so wide a hearing, though his “ Physical Education,” like 
many another sermon, has been more heard than heeded. The 
pathetic exclamation which it contains—‘“ What is the worth 
of distinction, if it has brought hypochondria with it? ”—indi- 
cates that the author’s own experience is the source of his 
eloquence. 

What was the experience out of which this great essay 
sprang? Fortunately the intimate history of the great thinker 
(the worth of his philosophy is again recognized after the usual 
reactionary eclipse) was minutely chronicled and analyzed by 
the philosopher himself and one has but to cull from his auto- 
biography the items bearing on the subject of his bodily 
history. | 

From his pathetically minute investigations of his ancestry, 
one learns that back of his parents his fore-bears were physically 
commonplace. Of his father he writes, “though not robust in 
the full sense, he had a constitution which was well balanced 
and capable of considerable endurance, as witness the fact that 
he, when a young man, in company with his two brothers, 
walked sixty miles in a day. Standing six feet when shod, he 
was noteworthy for a well-built figure and a carriage which 
invited dignity and grace in a degree rarely equaled.” How- 
ever, the father’s health gave way when Herbert was a child 
and he suffered from severe headache and extreme irritability 
and was compelled to abandon his work of teaching. In phys- 
ique, his mother “ was not of so fine a type, and the constitution, 
though fairly well balanced, was by no means so vigorous.” 

Spencer was the first of nine children and the only one to 
survive beyond early infancy. As the only surviving child, 
Herbert’s own health was a matter of some concern. He was 
not pushed into school at the usual age and he had the inesti- 
mable advantage of life in the country. “The majority of my 
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activities were those of the ordinary school boy who, on Satur- 
day afternoons and the like occasions of leisure, is commonly 
given to country rambles and the search for hedge-side treas- 
ures. During my early years the neighboring regions of 
Binaston and Normanton were explored by me in all their 
details, every hedge becoming known in the course of expedi- 
tions, now in the spring seeking birds’ nests, now gathering 
violets or dog-roses, and later in the year collecting sometimes 
mushrooms, sometimes blackberries, sometimes hips and haws, 
crabapples and other wild products. ... Of all the occupa- 
tions, however, to which the holidays were devoted, I delighted 
most in fishing. . . . Many happy half-days, and, during the 
mid-summer holidays, many whole days, were spent on the 
banks of the Derwent.” He became an enthusiastic collector 
of insects. ‘‘Saturday afternoons and other times were spent 
in exploring banks, hedges and trees, in search of larve; and 
I made in the course of time a considerable collection of moths, 
butterflies, dragon-flies, and beetles.” 

That there was a large fund of energy, and very much at 
the command of its possessor, is indicated by the incident re- 
lated by his father that in his ninth year Herbert took a journey 
(without his mother’s knowledge) of seven miles to visit his 
father, and, in doing so, ran the greater part of the way. 

That the body of the boy was, at the age of twelve, danger- 
ously under the thumb of the so-called higher faculties and that 
the nervous system was strenuously assertive, are evidenced by 
the fact that, having entered the glamorous land of fiction, he 
often browsed in it all night, reading in bed “till the birds were 
singing in the morning. After a time this transgression was 
discovered, and my mother adopted the precaution of coming 
to my room to see whether the candle was out. But I was 
not thus to be balked of my midnight gratification and soon 
out-maneuvered her. Close to my bedside was a fixed corner 
cupboard; and habitually, when I heard her step on the stairs, 
I leaped out of bed, put the candle still burning into this cup- 
board, got into bed again and pretended to be asleep, until she, 
thinking all was as it should be, retired. Whereupon I brought 
out the candle and resumed my reading.” 

“As I had not been injudiciously pressed or considerably 
taxed during childhood and afterwards, my health was, or had 
become, quite satisfactory. I can recall nothing more than a 
few days’ illness from one of the disorders of childhood; and 
on the whole my vigour, though not great, was considerable. 
There seemed to be then, and continued thereafter, a constitu- 
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tion distinguished rather by good balance than by great vital 
activity. No spontaneous overflow of energy was exhibited— 
no high pressure of steam; and hence a certain reluctance to 
exertion in the absence of a strong motive. Nevertheless, 
there was a large margin of latent power—a good deal of 
‘bottom’ as the sporting people call it. In feats of strength I 
do not remember any superiority, except in running I was 
more fieet than any of my school fellows. This may have been 
associated with an unusual length of limb, by which in boyhood | 
I was characterized. 

“Respecting those emotional characteristics directly asso- 
ciated with the physical, I may note that on the whole I was 
decidedly peaceful. This may have been in part due to the 
trait which I inherited from my father—a great intolerance 
of painful feelings, either physical or moral.” . .. However, 
“when sufficiently aroused by anger, no considerations of pain 
or danger or anything else restrained me.” 

Early in his thirteenth year Spencer was taken a hundred 
and twenty miles from home to his uncle’s school at Hinton. 
Disagreement with a fellow student, homesickness, and rebel- 
lion against his exile, were too much for him, and on the 
tenth day he arose at six o’clock and set out for home, “ reach- 
ing Bath in little more than an hour, and buying a penny 
roll just before leaving the city on the other side. I took the 
Cheltenham road; and, as I ascended the long hill and for some 
time afterwards, kept glancing over my shoulder to see if I was 
pursued. Presently, getting on to the high broad back of the 
Cotswold Hills and increasing. my distance from Hinton, I 
ceased to fear that I should see the pony-carriage coming when 
I turned my head. But now as I walked on under the hot sun, 
I began fully to perceive my forlorn state; far away from any 
one I knew, without possibility of going back, with scarcely 
any money, and with an immense journey before me. No 
wonder I burst into tears from time to time as I trudged on. 
However, my speed, judging by the result, was not much 
diminished by the occasional fits of grief. Pursuing the mo- 
notonous road, varied only by here and there a cottage or a toll 
gate, I came in the afternoon to the end of the highlands and 
descended into the Strond valley; walking through its pictur- 
esque scenes in a widely different mood from that in which I 
had seen them a few weeks before. Reaching Strond between 
five and six, I remember asking a man on the other side of the 
town, which was my way to Cheltenham. He pointed out the 
way and said, ‘But you are not going there to-night, are you?’ 


THE PHYSICAL SPENCER 573 | 


He would have been greatly astonished to hear that I had 
already walked from five miles on the other side of Bath. 

“T could not sleep a wink at Cheltenham. The physical 
excitement produced by walking 48 miles, kept me tossing 
about till it was time to rise. Next morning, however, I early 
started off again, undismayed by my bad night. I got a ride 
out of Cheltenham for some two miles in a cart; and then re- 
sumed my weary walk, seeing from time to time the Malvern 
Hills, which, when I first caught sight of them the previous 
evening, had given me a thrill of pleasure as being old friends. 
Mile after mile was traversed during the sultry August day, 
along roads thickly covered with dust—through Tewkesbury 
and Worcester, on to Droitwich and on to Broomsgrove, which 
I reached and passed in the evening. I intended to walk that 
night to Birmingham, but an occurrence deterred me. While 
resting some miles beyond Broomsgrove, I was accosted by one 
of those wandering Italian image sellers, common in my boy- 
hood—men who went about carrying on their heads boards cov- 
ered with plaster casts, and calling out ‘Finees!’ This man sat 
down by me; and when I walked on he joined me. After a time 
he pulled out a large pocket knife with a blade of some eight 
inches long or so, and spoke of it admiringly. This, as may be 
imagined, made me shudder. I do not suppose he meant any- 
thing; but still his act suggested the thought that he might 
murder me. Presently we arrived at the little inn on the 
Lickey called the Rose and Crown, and I asked for a bed. 
Luckily they let me have one, and to my great delight they 
would not let the Italian have one. He had to go on.” 

“That night, like the preceding one, was sleepless. The 
exertion of walking about the same distance as before (for I 
believe from Cheltenham to the Rose and Crown is 49 miles, 
and deducting the 2 in the cart leaves 47) had maintained that 
feverish state of body which always keeps me awake. Next 
morning after a few miles walking, I came up with one of those 
heavy wagons, common in the days before railways, carrying 
goods between chief towns—wagons now no longer seen—great 
lumbering vehicles with large hoods to them. I made friends 
with the wagoner; and he let me ride on the soft straw as far 
as Birmingham, where he stopped. Thence I walked on to 
Lichfield. At Lichfield I happened to be passing the chief hotel 
just as the Derby coach drew up; and, getting hold of the 
coachman, told him my story. No doubt he saw in my worn 
face and parched lips how much I had been suffering. He took 
pity on me, and, the coach having plenty of room, let me ride © 
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for nothing. I asked to ride as far as Burton. When we 
reached Burton I offered him the few coppers I had left to let 
me goon. He, good fellow; refused to have them, but allowed 
me to keep my seat; and so I reached Derby about 3 o’clock in 
the afternoon of Saturday, having left Hinton on Thursday 
morning. That day I had walked not more than 20 miles, if 
so much. 

‘Here, before passing to subsequent incidents, I may re- 
mark on the physical effects of this escapade. It can, I think, 
scarcely be doubted that my system received a detrimental 
shock. 

“My uncle too, at the same period comments on my dulness 
and failure of memory. Certainly this last trait must have 
been very marked. Not only have I absolutely forgotten some 
books I read at that time, but, until perusal of my letters proved 
that I had read them, I did not know that I had ever seen them. 
Was not growth the cause? If excess of muscular effort, as in 
a pedestrian tour, is apt to leave behind inertness of brain, 
which for a time makes mental work difficult, it is reasonable 
to suppose that an unusual draft upon the resources of the 
system for building up the body, may, in like manner, leave the 
brain inadequately supplied, and cause feebleness in its action. 

“Tt is worth inquiring whether in such cases there is not 
produced a simultaneous moral effect. If there is such an 
effect an explanation is yielded of the fact which the corres- 
-pondence of the time proves, that there occurred a deteriora- 
tion in my relations to my uncle and aunt. I got out of favor 
with them, and I was dissatisfied with my uncle’s treatment of 
me. Is there not reason to think that rapid growth may tem- 
porarily affect the emotional nature disadvantageously, in com- 
mon with the intellectual nature? As in children failure of 
cerebral nutrition, when caused by inactivity of the alimentary | 
canal, is commonly accompanied by ill-temper; so, it seems not 
improbable that when the failure of cerebral nutrition is caused 
by the demands made for increase of the bodily structure, a 
kindred result may be entailed. Conditions which bring about 
a defective supply of blood to the brain, tend to throw the higher 
powers out of action while they leave the lower in action; the 
later and less evolved faculties feeling the effects of an ebb- 
tide of blood, more than the earlier and fully evolved ones. 
Such a relation, if proved to exist, should be taken into account 
in the treatment of young people.” 

He completed his student days at Hinton in his sidtounth 
year, and reviewing its results he says: “ Certainly it had been 
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physically advantageous. I returned to Derby strong, in good 
health, and of good stature; my ultimate height (not then 
reached, however), being five feet ten inches. I had doubtless 
benefited both by the rural life and by the climate, which is 
bracing.” 

The tendency to insomnia by which he was later so afflicted 
was already present, for of the next year he recalls that, with 
a fishing trip in prospect, he “retired to bed somewhat early 
with the intention of starting at daybreak. Even in those days 
much excitement kept me awake; and the forthcoming grati- 
fication so filled my thoughts that for hours I vainly turned 
from side to side. All the while the room was partially illumi- 
nated by the light of a full moon, which penetrated the wide 
curtains. Somewhere about three o’clock the thought occurred 
to me, Why lie here tossing about? The thought was forth- 
with acted upon. I got up, dressed, sallied out, walked by 
moonlight to Swarkstone, five miles off, and began fishing by 
moonlight.” 7 

At nineteen he walked from five to ten miles a day, was a 
good skater and fond of boating and horseback riding, but 
although his health was, on the whole, satisfactory, he was 
conscious of the working of the machinery, as is evidenced in a 
letter of his nineteenth year: 

“‘T have been quite idle and stupid lately. I expect I am 
beginning to fill out a little and that all the energies are directed 
to bodily development. I do not recollect that you gave me 
your opinion whilst I was in Derby upon one of the questions 
I asked you. To what extent is it expedient to force the mind 
against the inclination? I should like to hear what my uncle 
Thomas says upon this head. It seems to me to be rather im- 
portant to be able to distinguish between idleness and mental 
debility. .. .” 3 

He was evidently making careful, much too careful, note 
of the influence of bodily states on mental activity, and, in the 
following year, after a time of hard work, he says, “ The effect 
of the over-exertion showed itself in depression of spirits and 
a constant feeling of dissatisfaction with myself, and a more 
than usual repetition of the fear (which I have occasionally 
felt for the last four or five years) that my mind is not so 
vigorous or acute, nor my memory so retentive as it once was.” 

He concludes, after noting his increase in weight to 150 
pounds, that this, in itself, was the cause of his present 
stupidity. 

His engineering labors on the Birmingham and Gloucester 
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Railway would be called extremely strenuous nowadays. “We 
were at work on Tuesday from 8 A.M. to 3 A.M. next morning 
and every other day in the week from the same hour to 12 at 
night, and even Sunday was not exempt from its portion.” 
It is little wonder that he found his eyes “beginning to be 
affected. . . . For the first time in my life they began to ache 
when used for several hours in drawing.” 

The following year he found it advisable to quit this work 
and on his return home “my old schoolmaster expressed his 
satisfaction that I had not come back to the paternal roof in- 
jured by dissipation, as many young men do.” 

As sub-editor of The Economist Spencer found it took him | 
‘““a week to become so far inured to the eternal rattle of the 
Strand as to be able to sleep. . . . for some time I suffered in 
general health from noise” and the close atmosphere of the 
office. “Having at length caught cold three times within two 
months, I thought it was time to make some change.” He re- 
moved to better living quarters with a longer walk to work, and 
he also made a radical change in diet. He became a vegetarian. 

Of this latter move he writes his mother: “ As I have felt 
no inconvenience during these first few weeks, I do not sup- 
pose I shall now do so. I think I have felt the cold more keenly 
than I should otherwise have done, and I find others who are 
trying the experiment make the same complaint. I believe, 
however, that this result is merely temporary. Meanwhile 
I am in all respects well and strong.” 

Commenting in his biography he says: “‘ From the phrasing 
of these statements it is clear that I was willing to persist in 
vegetarianism, had I been encouraged to do so by further 
results. My scepticism was first aroused, however, by the 
fact that after six months’ abstinence from animal food, our 
friend Loch gave evidence of a lowered condition. His voice 
had become extremely mild and feeble, and he had partially 
lost power over one of his feet in walking. Writing, as it 
seems from my father’s dating, towards the close of May (for 
I had not dated the letter myself), I said—‘ I have about decided 
to give up the vegetarianism, at any rate for the present. I 
think this relaxation under the eyes is due to it.’ The clearest 
evidence, however, that I had been suffering, was disclosed 
afterwards. I found that I had to re-write what I had written 
during the time I was a vegetarian, because it was so wanting 
in vigour.” 

His work upon “Social Statics” was already resulting in 
insomnia. 
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In his thirty-third year Spencer made a pedestrian tour into 
Switzerland. Disastrous effects resulted, or developed at this 
time. 

‘Years before I had read Andrew Combe’s work The Prin- 
ciples of Physiology applied to the preservation of Health, and 
had duly accepted the warning given by him against excessive 
exertion on the part of those who, having previously led seden- 
tary lives, attempt feats of walking and climbing. Yet, aware 
as I was of the possible mischiefs, I transgressed: not, how- 
ever, as it seems, without excuse. In the above-named letter 
written on the Faulhorn, after urging my uncle to see Switzer- 
land, I went on to say— 

«There is however great temptation to do too much. The 
difficulty of getting tolerable accommodation save at certain 
places, often induces one to go too far, and spite of the feats 
which the Swiss air enables every one to do, Lott and I overdid 
ourselves a few days ago, in spite of my previously made reso- 
lution to avoid any excess of exertion. However we shall be 
more resolute in future.’ 

“Of three excesses in walking which I recall (the last 
being subsequent to the date of the above-named letter, not- 
withstanding the resolution expressed in it) two were caused 
by misleading statements contained in Murray’s Guide. This 
led us to arrange for stopping at places which, when we saw 
them, we instantly decided to avoid at the cost of two or three 
hours’ more walking along rough roads and in partial dark- 
ness; previous experience having proved that nights made 
sleepless by fleas were the alternatives. 

“These details I set down as introductory to the statement 
that within a few days of my return to London, there began 
signs of enfeebled action of the heart. There was no mental 
cause. As said in a letter to my father, while in Switzerland 
‘I cultivated stupidity assiduously and successfully ;’ and after 
my return it was some weeks before I got seriously to work.” 

“Two distinguished physiologists have at different times 
assured men that the heart can not be overtaxed; but, authori- 
tative though their opinions are, I have found acceptance of 
them difficult. Among reasons for scepticism are these:— 
First, the improbability that there are no foundations for the 
many assertions that extreme exertion, as in rowing matches, 
sometimes leaves behind a long prostration. Second, there is 
the unquestionable fact that during states of debility the heart 
is easily overtaxed; the implication being that if, during an 
abnormal state, its limit of power may be exceeded, it may be 
Bi? vou. X.—39. 
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exceeded during a normal state. Third, the truth that other 
organs have limits to their powers which can not be over-passed 
without damage—damage sometimes ending in atrophy— 
seems scarcely likely to fail in the case of one organ alone. 
Fourth, such an exception does not seem reconcilable with the 
hypothesis of evolution; for how, by either natural selection or 
by direct adaptation, can any organ have acquired a never-used 
surplus or strength? 3 

“Be the interpretation what it may, however, here is a 
fact, that immediately after my return from Switzerland, there 
commenced cardiac disturbances which never afterwards en- 
tirely ceased; and which doubtless prepared the way for the 
more serious derangements of health subsequently established.” 

He tried hydrotherapy and the results are noted in a letter: 

“‘T have nothing very definite to tell you, further than that 
on the whole the palpitations seem to be gradually diminishing 
and do not generally attract my attention even at night; 
although still more or less perceptible then, when I purposely 
direct my attention to them. In other respects I am much as 
I was. No great effect either one way or other seems to be | 
produced by the treatment, so far as I can judge by my feel- 
ings. But being on the whole very well, I don’t know that I 
have any right to expect any very marked results.” 

While writing his Psychology at thirty-five, there appeared 
increasing storm clouds of ill health. 

“IT spent something like five hours a day in writing: begin- 
ning between nine and ten, continuing till one, pausing for a 
few minutes to take some slight refreshment, usually a little 
fruit, and resuming till three; then sallying out for a country 
walk and returning in time for dinner between five and six. 
I had often warned my friends against overwork, and had 
never knowingly transgressed. Five hours per day did not 
seem too much; and had there been no farther taxing of brain, 
no mischief might have been done. But I overlooked the fact 
that during these months at Derby, as during all the months 
since the preceding August, leisure hours had been chiefly 
occupied in thinking. Especially while walking I was think- 
ing. The quickened circulation consequent on moderate exer- 
cise, produced in me then, as always, a flow of ideas often 
difficult, if not impossible, to stop. Moreover the printers were 
at my heels, and proofs coming every few days had to be cor- 
rected; tasks which must have occupied considerable portions 
of my evenings, Practically, therefore, the mental strain went 
on with but little intermission. 
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“That mischief was being done ought to have been clear to 
me. A broad hint that I was going wrong was this:—One of 
Thackeray’s stories—The Newcomes I think it must have been 
—was in course of issue in a serial form. When a new part 
came out I obtained it from a local library, and, reserving it 
till the evening, then read it through. As often as I did this I 
got no sleep all night, or, at any rate, no sleep till towards 
morning. My appearance too should have made me pause. A 
photograph still existing, which was taken during the spring, 
has a@ worn anxious look; showing that waste was in excess 
of repair. It seems strange that such knowledge as I had of 
physiology, did not force on me the inference that I was injur- 
ing myself, and that I should inevitably suffer. 

“But giving no heed to these warnings I thoughtlessly went 
on without cessation; eager to get the book done, and, I sup- 
pose, hoping that rest ‘would soon re-establish my ordinary 
health. Towards the end of June there remained but three 
chapters to write. ‘These were written elsewhere. 

“One morning soon after beginning work, there commenced 
a sensation in my head—not pain, nor heat, nor fulness, nor 
tension, but simply a sensation, bearable enough but abnormal. 
The seriousness of the symptom was at once manifest to me. — 
I put away my manuscript and sallied out, fishing-rod in hand, 
to a mountain tarn in the hills behind the hotel, in pursuance 
of a resolve to give myself a week’s rest; thinking that would 
suffice. 

“Next day came a walk to Beddgelert. That place being 
much shut in, proved, as I might have known it would, very 
enervating. After two days I left for Carnarvon and after- 
wards for Bangor; taking up my abode at Garth Point for a 
week. While there I managed to finish everything but the 
chapter on ‘The Will’ with which the work ends. 

“The close of the month found me back home; where this 
last chapter was completed under great difficulties. I alter- 
nated between house and garden: writing a few sentences and 
then pacing up and down for a time to dissipate head-sensa- 
tions—a persistence in physiological wrong-doing which 
brought on further serious symptoms.” 

And now began that pursuit of health which proved to be 
life-long and fruitless. At thirty-six he was “unable to bear 
more than a few minutes conversation.” He gave up mental 
work, walked ten to twelve hours a day, and went on fishing 
excursions with results in better sleep. He noted that his 
higher “ other-regarding faculties” were impaired by his nerv- 
ous break-down,—that he was lacking in judgment and more 
emotional than was natural. 
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“Both then and afterwards, my sleeping remained quite 
abnormal. A night of sound sleep was, and has ever continued 
to be, unknown to me.” He averaged four to five hours un- 
consciousness—‘“‘in bits,” and for twenty-five years had no 
sensation of drowsiness. At his best he “‘never got beyond 
three hours’ work a day without mischief.” 

Better and worse, but with almost constant introspection, 
is the health tale from now on. His comments on his condi- 
tion, if tiresome, are often valuable. Speaking of the results 
in mental states, he says: | 

“Speaking generally, each step in mental evolution results 
in a faculty by which the simpler pre-existing faculties have 
their respective actions so combined that each aids in regulat- 
ing or controlling the others, and the actions of all are harmon- 
ized. Each higher judgment differs from lower judgments in 
that it takes account of more numerous factors, or more cor- 
rectly estimates their degrees of relative importance; and is 
thus a more complex mental act. And similarly, among the 
higher feelings, all relatively complex, the highest are those 
which stand related to lower ones as moderators; their moder- 
ating function being effected by combining within themselves 
representations of these lower feelings, no one of which is 
allowed to occupy more than its due share of consciousness, 
and therefore is not allowed unduly to sway the conduct. 
Manifestly, by their very natures as thus understood, these © 
highest intellectual and emotional powers, by which well-bal- 
anced judgments are reached and well-balanced feelings main- 
tained, require more than all others, a full flow of nervous 
energy—a flow sufficient to simultaneously supply all the 
numerous structures called into action. Consequently, they, 
before all others, fail when the tide of nervous energy ebbs. 
Defect of coordination is shown intellectually in erroneous 
judgments concerning matters where sundry circumstances 
have to be taken into account, and emotionally in the ill-con- 
trolled feelings which lead to impulsive expressions and deeds. 
The primitive and deeply-rooted self-regarding faculties, which 
tend ever to initiate antagonisms, are scarcely weakened during 
states of prostration; while the other-regarding faculties, rela- 
tively modern and superficial, and soon paralyzed by innutri- 
tion, fail to check them. And then beyond the direct evils 
which the nervous subject brings on himself by such failures, 
there are the indirect evils that result from misinterpretation of 
his character.” 

(To be concluded) 


" 
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PRESENT ECONOMIC AND SOCIAL PROBLEMS’ 


By Dr. DAVID JAYNE HILL 


ITH the exception of certain formalities of procedure, the 

Great War is an affair of the past. The problems of re- 

pairing its ravages and paying its cost still confront us. Al- 

though the solution of these problems bears more heavily upon 

the European nations than it does upon the people of the United 

States, our obligations are not inconsiderable, and we are find- 

ing that the war and its results have profoundly affected our 
economic and social existence as a nation. 

Among the issues that appeal most strongly to our interest 
and our intelligence is the question how we may most effectually 
contribute to securing in the future international peace; or, to 
express it differently, how we may prevent future wars? 

There is, I think, no difference of opinion among thought- 
ful men anywhere regarding the desirability of avoiding future 
sanguinary conflict; which can only determine whose will shall 
temporarily prevail, and can therefore never furnish a basis 
for permanent peace. War can be prevented only by removing 
its causes. 3 

When we examine into the etiology of war, we discover that 
not all wars are wrong; from which it follows that the enforce- 
ment of peace can not always be right. This results from the 
fact that war is resorted to from two opposite motives: on the 
one hand, a sense of intolerable injustice or oppression which 
should be resisted; and, on the other, a spirit of domination 
and lust for conquest which, regardless of principles oi equity, 
attempts to subdue and expropriate others. 

The remedy for the former cause of conflict is the establish- 
ment and maintenance of such institutions of justice as would 
prevent oppression. The problem is fundamentally one of 
jurisprudence, and its solution is a state of security under just 
and equal laws. This could be perfectly attained by voluntary 
cooperation, if the will to attain it were universal. 

Unfortunately, this will is not universal. There exists 
among men, both as individuals and as nations, a predatory 
disposition, a desire to despoil and to take possession of 

1 Address of the Chairman before the Section of Social and Economic 


Science of the American Association for the Advancement of Science, St. 
Louis, December 29, 1919. 


582 THE SCIENTIFIC MONTHLY 


another’s property. This predatory disposition is a cause of 
war that can never be eradicated except by the creation of a 
power of repression strong enough to arrest it by rendering it 
dangerous and unprofitable, and eventually to overcome it by 
inducing modes of life in which it will be outgrown. Such 
means are found in all civilized communities in the form of 
a police force, and among nations in the form of military 
organization. So long as any considerable residue of the pre- 
datory instinct remains in men—and we see few signs of its 
extinction—both of these forms of repression will be necessary 
if peace is to be maintained and justice enforced. The problem 
of peace, therefore, reduces itself to two measures: (1) the 
improvement of legislation, municipal and international; and 
(2) the enforcement of law. 

Methods for the enactment and enforcement of municipal 
law have been relatively well worked out in the most civilized 
countries, yet with much still to be desired with regard to the 
administration and the cost of justice; to the end that all, the 
poor equally with the rich, the weak equally with the strong, 
may be able, in fact as well as in theory, to obtain the vindica- 
tion of their rights. In international relations, for obvious 
reasons, since the state has been reluctant to place itself under 
the dominion of law, there has been less advance toward the 
realization of justice. 

The primary obstacle, we have been accustomed to think, 
has been the imperialistic spirit, which is essentially a tendency 
on the part of the powerful states to exploit and dominate the 
weaker nations and peoples. In the Great War we were led to 
believe that we were fighting to destroy that spirit. Several 
of the great empires, as a result of the war, have been virtually 
destroyed, at least so far as monarchical autocracy is con- 
cerned. There has been a general toppling of royal thrones. 
Two German Kaisers, the Czar of Russia, and the Sultan of 
Turkey have been shorn of their power. It remains to be seen, 
however, whether the imperialistic spirit has been really 
crushed; for this does not inhere in monarchs only. Even 
alleged democracies have in the past been imperialistic in their 
foreign policies, and some of the small newly constituted or 
newly consolidated countries only recently rescued from despot- 
ism are already manifesting a spirit of aggressive nationalism 
that forebodes if continued inevitable conflict between them, 
not to mention the ambition of some of the Great Powers that 
were allied with the democracies in prosecuting the war. 
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The real test of the abandonment of imperialism is a willing- 
ness to accept as a basis for international legislation the in- 
herent rights of all responsible states, without reference to 
their power or magnitude. Although this was one of the alleged 
intentions of the Allied and Associated Powers in the Great 
War, coupled with the proclamation of the self-determination 
of all peoples as one of its purposes, I think it can not be 
affirmed that the treaties of peace exhibit any marked progress 
in this direction. On the contrary, the keynote of the Treaty 
of Versailles is the creation of an imperial syndicate composed 
of five Great Powers, with others distinctly secondary and sub- 
ordinate to them, and a distinct repudiation of an attempt to re- 
establish the Law of Nations on the basis of common consent 
and the equal juristic rights of all sovereign states. In the 
presence of this fact we can not affirm that the Covenant of the 
League of Nations is a final solution of the problem of peace. 

In the Treaty of Versailles the emphasis is not laid upon the 
principles of jurisprudence as the basis of international rela- 
tionship, but upon the enforcement of peace by military power. 
The primary problem before the conference at Paris was a 
victor’s peace. The Central Powers had to be placed under 
penalties and those penalties had to be enforced. The atmos- 
phere in which the League of Nations was created made it the 
first purpose of its being to punish a conquered enemy. The 
League was, therefore, bound to have a military character. It 
was, in effect, an alliance against the possible future behavior 
of a group of defeated Powers. This, it was asserted, was 
necessary, in order to execute the treaty of peace. Its aim was 
to maintain by force a status created by force. 

Such a compact, however necessary at the conclusion of a 
war, is by its nature not only different from a permanent organ- 
ization of friendly nations, on equal terms, for the preservation 
of peace; it was incompatible with the essential idea of such an 
organization, the natural basis of which would be equality and 
mutual confidence. The peace imposed by the Treaty of Ver- 
sailles was not a peace based on understanding inspired by a 
common purpose and a community of interests; but a peace 
based on force, inspired by distrust and a conflict of interests. 

It is impossible to consider such a compact as the ultimate 
solution of the problem of perpetual peace. A peace that has 
to be enforced by arms is not a true peace, but only a temporary 
appearance of peace. Beneath this appearance there is hidden 
the spirit of revolt, only waiting for an opportunity to assert 
itself in open conflict. It was, no doubt, necessary that this 
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specific settlement should be punitive. When executed it would 
constitute a memorable lesson. But true peace is not made by 
war. It may issue from it, but it requires a new spirit and a 
new process. It must be based on other conceptions. It is 
only through some larger apprehension of mutual advantage, 
that is, through the acceptance and application of definite and 
universal principles of equity, that true peace can be attained. 
The effective formula, therefore, is not the enforcement of 
peace, but the enforcement of law. In this, and in this only, 
is to be found the pathway to peace; which is not an end in 
itself, but the concomitant of a mode of existence made toler- 
able by the establishment of equitable conditions. 

Even under a rule of just and equal laws, war may still be 
possible; for, so long as lawbreakers exist, nations may be in- 
spired to military action in violation of the law. It is then the 
vindication of the law, rather than the military enforcement of 
peace, that should be made the object of international asso- 
ciation. 

The advocates of the Covenant of the League of Nations 
will, no doubt, contend that this is really the purpose of the 
League. Unfortunately, this is not as evident as could be de- 
sired. ‘There is in the Covenant a large provision for the 
future use of force, and especially a great stress upon the occa- 
sions when it is to be employed, but the relation of military 
action to any defined principles is obscure in this Covenant. 
There is no provision for the further improvement or clear 
) formulation of international law. There is no strict obligation 
to obey it. There is no agreement to enforce it. For the pres- 
ervation of territorial boundaries there is great solicitude and 
almost excessive provision, regardless of the manner in which 
possession has been acquired. For the execution of the penal- 
ties imposed upon Germany and other Powers—I do not raise 
the question of their justice—there is in the Treaty of Ver- 
sailles elaborate provision. But a proposal to reexamine, re- 
vise, and improve the Law of Nations, and then strictly to 
obey it, was not only not accepted, it was distinctly disregarded. 

In this respect the aims and ideals of the free nations, espe- 
cially of the United States of America, were not embodied in 
the Covenant of the League. To this extent, therefore, what- 
ever may be its merits, the League is, in effect, an alliance of 
Great Powers for the international control of others, rather 
than a society of free nations for the establishment of peace 
through justice. 

I do not for a moment question the necessity of a combina- 
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tion of the Allied and Associated Powers to enforce upon the 
nations that were the aggressors in the Great War. The safety 
of civilizations demands this. With respect to the past this 
was to be expected and desired, but it by no means places the 
peace of the world on a secure foundation, for the reason that 
it is primarily a compact based on force and not on the inherent 
rights of nations. As a combination of force, it is subject to 
the vicissitudes of all military combinations. It may disin- 
tegrate when its primary object is attained, or even before 
that; and it is liable to be confronted with some other combina- 
tion of a like character and eventually of greater strength. A 
mere preponderance of power can not be expected always to 
endure; and in so far as it is merely that, it can not claim any 
moral or legal authority which an opponent might not equally 
claim. To those who say, “The existing frontiers which we 
have established must be consecrated for all time,” another 
group may with equal authority say, if it possesses the power, 
“These frontiers are unjustly established, and we propose to 
change them as we think right.” 

Before the peace of the world can be definitely secured, 
there must be such an evolution of national demarcations as 
have in themselves the elements of equity. But the most im- 
portant observation to be made regarding a League of Nations 
is that its whole value consists in the national unity and effi- 
ciency of the nations that compose it. It is to the character of 
the component nations, therefore, that we must look in forming 
an estimate of the future of such a League. As a people, our 
first thought should be for the security of our own national ex- 
istence, unity, authority, and independence. Entrance into any 
international combination that would destroy or deteriorate 
those qualities would be disastrous to ourselves as a people and 
the gravest misfortune that could befall the world. We must 
not permit ourselves as a nation to be either Prussianized or 
Russianized. 

It is timely, therefore, that we should look to our founda- 
tions as a nation. We must first of all recognize the fact that 
our conception of national life is suz generis. Our Constitution 
is the outgrowth and expression of a new appreciation of the 
value and the possibilities of the human individual. We began 
our national existence by solemnly guaranteeing the right of 
every citizen to life, liberty, and the pursuit of happiness. Our 
political system was intended to protect him in the exercise and 
preservation of those rights. Here is a solid foundation on 
which to build our social and economic structure, and one on 
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which we may readjust it when it is shaken, as it has been, by 
the storms of war. 

Men are speaking much just now of “reconstruction,” and 
there are those who would tear up all foundations in the process. 
They would disintegrate the nation, and merge its energies and 
resources in a vague internationalism. Some would reappor- 
tion the proceeds of past industry, prudence, and enterprise; if 
necessary, even by violence. Others would accomplish the same 
result by the destruction of our political institutions. There 
are serious advocates of such a contradiction in terms as “ con- 
structive anarchy.” 

There is at this time more than the usual need of recogniz- 
ing the fact, that there can be no sound internationalism that 
neglects the quality of nations. It is futile to merge our ener- 
gies and resources in a mass of quarrels, uncertainties, and con- 
tradictions. The first essential of our usefulness to the re- 
mainder of mankind is that we should ourselves be free, strong, 
united, and sure of our own future. It would be folly to bind 
ourselves by solemn engagements to the performance of un- 
known tasks. There is nothing in our freedom that would 
prevent our loyalty to any obligations we have assumed by our 
participation in the Great War. We shall never stand by in 
silence and indifference if any unprovoked attack should be 
made by our former enemies upon our allies and associates for 
reasons growing out of the strife in which we have been en- 
gaged. In many respects their cause is our cause, and their 
safety our safety. But with disputes arising from a conflict of 
ambitions, with future quarrels engendered through expecta- 
tion of our support, with the disposition of some nations to dic- 
tate the policies of others, with which we are not concerned, and 
with plans for the partition and exploitation of defenceless 
peoples, we may wisely declare our intention to have nothing 
to do. 

There will, however, be a large part for us to play in the 
sphere of international relations. We can stand for law, for 
justice, and through them for peace, by our own conduct, by 
our influence, and by leadership in realizing our inherited ideals. 
To do so effectively we must solve some pressing domestic 
problems. In this, the members of this association, and espe- 
cially of this section, should perform their part. 

Your committee has endeavored to state some of those prob- 
lems and has sought to induce competent authorities to discuss 

‘them. In this we have been to some degree successful, not- 
withstanding difficulties to be overcome, and we take this occa- 
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sion to express our appreciation of the responses we have 
received. 

The most urgent economic questions of a domestic character 
center about the productivity of American industry and our 
financial relations with the rest of the world. The war has 
greatly dislocated our industrial processes. The diversion of 
our energies as a people from the pursuits of peace to the ex- 
igencies of military organization and efficiency has created a 
shortage in the normal production and distribution of com- 
modities, abnormally increased wages in most forms of manu- 
facture and food industries, and thereby greatly augmented the 
cost of living. This has been further accentuated by our un- 
precedented exportation of the necessaries of life, thus further 
augmenting prices at home. Finally, in return for these ex- 
ports we have thus far either received no remuneration—many 
of these commodities having been free gifts or sold on credit— 
or we have received in exchange money rather than commodi- 
ties, thus affecting the balance of trade and the value of bills of 
exchange to a point where, unless some remedy is found, it will 
be practically impossible for European countries to make pur- 
chases in the United States; for they can not pay our prices 
when a pound sterling is worth only $3.75, a franc only 9 cents, 
a lira still less, and a mark only a little more than 2 cents. 

We must, therefore, on the one hand, increase our produc- 
tivity, in order to reduce prices; and, on: the other, find some 
method of stabilizing foreign exchange, or we shall still further 
heighten the cost of living and lose our trade in Europe. 

The question of increased productivity depends largely upon 
the harmonious cooperation of the two great factors of produc- 
tion, Labor and Capital, and also on the spirit of enterprise 
which is necessary to unite them and render them fruitful. 
Disagreements regarding the terms of this cooperation have 
already menaced the country with a total paralysis of steam- 
driven manufacturies as well as the cessation of all means of 
transportation, which, if rendered actual, would mean the ruin 
of the country. Behind these omens of a possible industrial 
paralysis there has seemed at times to be very imperfectly con- 
cealed sinister purposes of radical political change, foreboding 
the expropriation of private property and control by the red 
hand of anarchy. 

To meet and counteract these movements and tendencies, 
various remedies have been suggested, some of them almost as 
dangerous as the evils to be overcome. The time seems, there- 
fore, to call for very serious study, from many different angles, 
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of two fundamental problems: (1) What is the true basis of the 
relation of Labor and Capital? and (2) What is to be done in 
the sphere of taxation and finance? 

With regard to the first of these problems, it would seem 
that little progress can be made without a guarantee of fulfill- 
ing a contract; which raises the question, how far reciprocal 
responsibility on the part of the contractants is an essential 
basis of collective bargaining; and where a third party, the 
public, is directly interested in a public service, like transporta- 
tion, the question, if. the continuity of it should ever be inter- 
rupted by a strike to increase wages. It is timely also to con- 
sider the effect upon our American standards of living to be 
expected from an attempt to internationalize labor; the relation 
between the labor supply and immigration; and, finally, the 
railway situation as a concrete case involving the application of 
all the solutions that may be available. 

The financial problem quite naturally presents itself under 
two rubrics: (1) What are the duties, responsibilities, and in- 
terests of the United States with reference to the financial obli- 
gations and conditions created by the war? and (2) What are 
the available and as yet unutilized methods and means of rais- 
ing revenue for the support of the government in the discharge 
of its obligations? 

Whatever may be the degree of success or failure of your 
committee in formulating these subjects for discussion, it can 
hardly be asserted that it has failed to suggest a sufficient 
amount of pabulum for the present annual meeting. If the 
speakers who have accepted invitations to participate in the 
examination of these subjects are not as numerous as we had 
desired, we none the less appreciate the willingness of those 
who have consented to participate in the exposition of these 
pressing themes, and we entertain the hope that they will 
awaken a general interest that will promote serious discussion. 
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THE RATE OF EVOLUTION 


By Professor EDWIN GRANT CONKLIN 


HE results of evolution as contrasted with its causes may 
be considered from three different aspects which may be 
characterized briefly as diversity, adaptation and progress. 
The first concerns increasing diversification as shown in the 
appearance of varieties, species and genera which are no more 
complex in organization than the forms from which they have 
descended and which may be less complex; such changes which 
do not lead to more highly organized forms may be known as 
variation, speciation or diversification. A second aspect of evo- 
lution deals with increasing adaptation to conditions of life; 
this may or may not be associated with progressive organiza- 
tion or with speciation and may be called progressive adapta- 
tion. A third aspect, and most important as measured by its 
results, concerns the advance in organization from the simplest 
to the most complex organisms; this may be called progressive 
evolution, or more briefly progress. No doubt progressive or- 
ganization, by which is meant increasing differentiation and 
integration has come about through diversification or speciation 
but on the other hand the latter has only rarely led to the 
former. 
I. DIVERSITY 


The most evident phase of evolution and the one which has 
been dealt with exclusively by the experimental method is di- 
versification. Smaller differences or variations among organ- 
isms may be classified, according to their mode of origin as (a) 
Fluctuations, (b) New Combinations, (c) Mutations. 

1. Fluctuations or Modifications.—Fluctuations are varia- 
tions whose differential causes are environmental, they come 
and go with changing environment; they are modifications of 
the soma rather than of the germplasm, of individual develop- 
ment rather than of heredity. They can be distinguished from 
heritable variations by the fact that they are not permanent. 
They are probably more numerous than all other diversities, 
their number and extent being proportional to the number and 
degree of the environmental changes which called them forth. 
They rarely if ever lead to modifications of the germplasm and 
are therefore of little or no evolutionary value. 
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2. New Combinations of Mendelian Factors.—The most 
common kind of inherited diversity is due to new combinations 
of inheritance factors in sexual reproduction. The segregation 
of genes in different germ cells and their combination in fertili- 
zation are rarely exactly the same in two instances. In the 
case of animals and plants where self fertilization does not 
occur there are usually several “contrasting characters” or 
allelomorphs in the parents, and the number of possible com- 
binations of these rises rapidly with each additional pair of 
allelomorphs until in species crosses where there are many alle- 
lomorphs there may be as many different combinations as there 
are individuals in the F,, generation. Furthermore the number 
of such new combinations is proportional to the number of 
germ cells which unite in fertilization and to the number of 
chromosomes in those germ cells. Therefore the rate at which 
such new combinations are formed must depend upon the rate 
of reproduction and the number of chromosomes and allelo- 
morphs. 

A certain proportion of these combinations are homozygous 
and breed true, but most of them are heterozygous and show 
Mendelian splitting in subsequent generations. Bateson says 
that most of the new varieties of cultivated plants are the 
results of deliberate crossing. This is the method which Bur- 
bank has employed with such wonderful success in the produc- 
tion of his “new creations in plant life.” Linnean species con- 
tain many different biotypes and by crossing these many new 
combinations are produced, some of which may be economically 
valuable. If individuals showing desired combinations are in- 
terbred it is usually possible after a few generations to get 
homozygotes that breed true and thus a new variety or breed is 
established. 

Such new combinations may therefore be of evolutionary 
value. It is probable that certain species of domestic animals 
and plants are of hybrid origin; among these are dogs, cats, 
cattle, horses, sheep, pigs, poultry, wheat, oats, rice, plums, cher- 
ries, etc. More than one thousand different plant hybrids have 
been described as occurring in nature but many of these are 
heterozygotes and do not breed true. Lotsy maintains that 
hybridization is the most important cause of evolution, but hy- 
bridization implies existing diversities such as dominants and 
recessives. Where and how did these arise? To attribute 
these diversities to still earlier hybridization only puts off the 
question of their origin. 

3. Mutants or Elementary Species.—Since the publication 
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in 1901 of deVries’ great monograph on the ‘‘ Mutation Theory ” 
- the superlative importance of mutations in evolution has been 
widely accepted. Genuine mutants, due most probably to sud- 
den changes in individual genes, have now been found in so 
large a number of plants and animals among both wild and 
domesticated species, that it seems probable that all inherited 
differences appeared in the first instance in this way. 

The evidence is accumulating that mutations are rare only 
when contrasted with the relatively large number of individuals 
_ which show no hereditary variations. Wherever there are con- 
trasting characters, or allelomorphs, and few things are more 
common, a mutation has occurred at some time, though it may 
have been long ago, by which these allelomorphs became differ- 
ent. Wherever there are breeds, races, or stocks there is evi- 
dence, ex hypothese, that their constant differences were estab- 
lished by one or many mutations occurring at some time or 
times in the past. 

The rate at which mutations appear seems to differ greatly 
in different species, but it is suggestive that they are found most 
abundantly in species which have been studied most thoroughly, 
and it is probable that they are of much more frequent occur- 
rence than is now known. The largest number of mutants 
which have been found in any species under conditions of accur- 
ate observation and experiment are in the pomice fly Drosophila 
melanogaster, and one of the most frequent types of mutation 
in this species is the appearance of lethal factors which cause 
the early death of individuals which receive this lethal from 
both parents. 

Muller and Altenburg find in Drosophila that the ratio of 
lethal mutants to the normal condition in the X-chromosome 
varies from 1:30 to 1:53 depending on the temperature, and 
if mutations occur in other chromosomes at the same rate as in 
the X-chromosome, a new lethal mutation in one or another 
chromosome occurs in about 1 fly out of 18. They further argue 
that since a sex-linked lethal mutation appears in about one 
fly in fifty and since there are two X-chromosomes in the female 
such a mutation would occur in one X-chromosome in about 100 
generations and, since there are about 25 generations a year, 
say once in 4 years. It seems probable that there is some con- 
fusion in this reasoning since if a mutation occurs in one X- 
chromosome in every 100 X-chromosomes it should appear much 
more frequently than once in every 100 generations. 

If mutations are proportional to the number of genes they 
should be much more numerous in very complex organisms than 


592 THE SCIENTIFIC MONTHLY 


in relatively simple ones. It is not evident that this is the case. 
It is true that most mutations are positively injurious, or at 
least that they are less beneficial than the typical characters of 
wild species, and therefore they are eliminated almost as soon 
as they appear. Consequently such mutations are rarely seen 
unless they are searched for diligently. In all probability mu- 
tations are more numerous and occur more frequently than is 
now known, but the evidence seems to favor the view that they 
are more numerous in some species and phyla than in others. 
Whether they are caused by environmental conditions and are 
therefore proportional in number to environmental changes is 
at present unknown, although Muller and Altenburg indicate 
that they occur more frequently at high temperatures than at 
lower ones. 

4, Species are presumably the result of the heaping up of 
viable mutations. 'The term “species ” is an indefinite one and 
is not everywhere used in precisely the same sense. Neverthe- 
less a very casual survey of the living world shows that some 
groups of animals and plants have undergone very much more 
extensive diversification than other groups. If we consider 
merely the approximate number of known spceies both living 
and extinct in different phyla of the animal kingdom we find 
very great differences as is shown by the following table of the 
approximate number of species in the principal animal phyla :* 


res 6 Who oor ee 8,000 
oo oaks fc soc oh 6 am aa eee 2,500 
Ce as iss Se ea ss 4,500 
Pintyneminines occ... he cee ccaeees 5,000 
Nemathelminthes .............. wees 1,500 
RES i RROD TS Gre OES 500 
Res res eR eee senses 1,700 
SALT EE SPADE OO 4,000 
Fos ERR Si ie ee Ae Dae ey eer ae 400,000 
UR re Sistaig-g Ges ts me os 61,000 
Te i i Sw 8 oak vo ooo 4,000 
I ne os ee cs 36,000 
In the different classes of Arthropods there are: 
COR oS a i ioe eee 16,000 
PPR reo 6 Soe on es ee 16,000 
TT OORGR 5 oe es Sea ee 
ROBIE eo eek co a Stes Re 360,000 


In the different classes of Vertebrata the number of known 
species is about as follows: 


1See Pratt, H. S., “On the Number of Known Species of Animals,” 
Science, N. S., Vol. 35, 1912. 
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a eo we ee 13,000 
Be oe ee ee eee ere 1,400 
MU es og no Sn Bice oa nie 3,500 
es ok 6 50 5 ae A 13,000 
IE oss Sis oes ook ee te ee 3,500 


These numbers represent merely a crude approximation of 
the number of known species, both living and extinct. Un- 
doubtedly many more species remain to be discovered and this 
number will be larger among the Protozoa, for example, than 
among the Chordata and in the Pisces than in the Mammalia. 
For our purpose however this crude census of the number of 
species in different phyla of the animal kingdom and in differ- 
ent classes of the arthropoda and the vertebrata will suffice. 

(a) It is at once apparent that the number of species in a 
group is not dependent entirely upon its age. Birds which 
arose in the Jurassic and are the most recent of vertebrate classes 
have more than 3 times as many species as mammals which 
first appeared in the Triassic and are therefore older. There 
are 100 times as many species of arthropods as of echinoderms 
though apparently both phyla are of about the same geological 
antiquity ; there are 15 times as many species of mollusks as of 
annelids and more than 4 times as many species of chordates 
as of protozoa, although the former represents the most recent 
and the latter the most ancient phylum of the animal kingdom. 

(6) Furthermore the number of species is not wholly de- 
pendent upon the number of individuals produced nor upon 
their rate of reproduction, as might be inferred from some of 
the recent discussions of mutation and natural selection. Pro- 
tozoa and protophyta probably include vastly more individuals 
than all other groups of organisms put together and their rate 
of multiplication is many times greater than in any other group 
and yet the number of recognized species is relatively small. 
Chordata are probably poorer in individuals and their rate of 
reproduction is much slower than echinoderms though they are 
9 times as numerous in species. Birds which are relatively few 
in number of individuals and of eggs produced have as many 
species as the much older class of fishes which lay perhaps a 
thousand times as many eggs. If evolution depends upon the 
chance production of mutations and the sorting of these by nat- 
ural selection it might be supposed that mutations would be 
most abundant where fecundity was highest and that fish or 
starfish or oysters which produce approximately a million eggs 
a year would evolve much more rapidly than birds which lay 
only from two to twenty eggs a year: that frogs which lay pos- 

vou. x.—40. 


r 


594 THE SCIENTIFIC MONTHLY 


sibly 200 eggs a year would evolve more rapidly than mammals 
which produce only from one to twenty young per year. Even 
within the same class and family there is no direct correlation 
between the number of young produced and the number of 
species, as is shown by a comparison of passerine and gallina- 
ceous birds; in the former group the number of eggs laid is 
small but there are 5,700 living species, while in the latter where 
the number of eggs is perhaps from 5 to 10 times as great, 
there are only 400 living species. In the genus Crepidula, a 
prosobranch gastropod, there are 60 times as many eggs pro- 
duced by an individual of the species fornicata as by one of 
convexa yet individuals and mutations are apparently no more 
numerous in one species than in the other. In general it seems 
that evolution has been more rapid where fewer young are pro- 
duced and these are better cared for. 

In none of these cases is the smaller number of eggs or of 
young produced compensated for by a larger number of indi- 
viduals which are reproducing. To a certain extent the num- 
ber of individuals in a species is correlated with their size; the 
smallest of all animals, the protozoa, are the most numerous 
in individuals, the largest, elephants and whales, are the poorest 
in individuals, but in comparing the number of species in a 
group there is no constant correlation between size of individual 
and rate of reproduction, though in general the smaller animals 
reproduce more rapidly than the larger ones. On the other 
hand there is no satisfactory evidence that smaller animals un- 
dergo more rapid evolution than larger ones. 

(c) The rate of evolution is not always dependent upon 
changes in environment and diversities of habitat. There are 
more species of marine organisms in the tropics, where the en- 
vironment is relatively uniform than in temperate regions. 
Amphibia which inhabit both land and water have only one- 
tenth as many species as fish which inhabit water alone, and 
echinoderm species are nearly twice as numerous as sponges, 
though both are confined entirely or almost entirely to the sea. 
Undoubtedly, however, there are more chances for the survival 
of mutations among living things which are able to adapt them- 
selves to many kinds of environment than among those which 
are confined to a limited medium or habitat. Thus the fact 
that arthropods are by all odds the most richly diversified phy- 
lum in the animal kingdom is probably associated with the fact 
that they have extended into all media, namely, sea, fresh water, 
land and air. The echinoderms on the other hand have been 

confined entirely to the sea probably owing to the fact that be- 
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cause of inherited constitution they were unable to adapt them- 
selves to other media; accordingly the number of species of 
echinoderms is much less than that of arthropods. Many pale- 
ontologists maintain that the rate and direction of evolution 
are determined by environmental changes and they describe 
“waves of evolution” as caused by intermittent changes of 
environment. 

(d) If the chances of mutation were equal in all classes of 
organisms and if mutations represent chance alterations in the 
structure of the germplasm the number of mutations which 
appear would be dependent merely upon the number of young 
produced; but the number of these mutations which survive 
and give rise to species is undoubtedly limited by the environ- 
ment, that is by natural selection. Mutations generally are 
wiped out almost as soon as they appear because they render 
the organism less viable or because they are not capable of 
further development, owing either to physico-chemical limita- 
tions of the germplasm or to environmental limitations. If 
this be granted the question still remains why are mutations 
more viable and more promising in some groups than in others? 

No satisfactory answer can be given to this question at 
present but it seems probable that the rate of mutation depends 
primarily: upon the particular organization of the germplasm in 
different groups of animals and plants. Some types of germ- 
plasm may be relatively stable and mutations few in such cases; 
other types relatively unstable and here mutations may be more 
numerous. Whether mutations will lead to the formation of 
species or not will depend in part upon the character and num- 
ber of the mutations, and in part upon the environment, for 
the persistence of a mutation must depend upon its finding a 
suitable place in nature. 


II. ADAPTATION 


All kinds of organisms must be fairly well adapted to their 
conditions of life if they are to survive. The very fact of sur- 
vival is evidence of adaptation. There is no evidence that pro- 
tozoa are not as well adapted to their conditions as fishes and. 
birds and mammals are to theirs. We cannot therefore assume 
that adaptations are less complete in lower forms than in higher 
ones, but they are certainly less complex and perfect as will be 
at once apparent when one compares the eye of a jelly fish and 
that of a fish or bird or man. We have here the same problem 
that we meet in individual development; germ cells, developing 
eggs and embryos must be adapted to their conditions of life if 
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they are to survive, but those conditions and the corresponding 
adaptations are not so complex as they are in fully developed 
animals. This increasing complexity and perfection of adapta- 
tion from the lowest to the highest forms is part of the problem 
of progressive evolution and will be considered in the next 
section. 

If adaptations are the result of chance mutations and the 
elimination of the unfit the rate of adaptation should be pro- 
portional to the number of such mutations and the severity of 
elimination ; other things being equal, the number of mutations 
and the severity of elimination should be proportional to the 
rate of reproduction ; consequently the rate of adaptation should 
be proportional to the rate of reproduction. There is no evi- 
dence that this is true, and when we consider the complexity 
and perfection of adaptations in higher forms it seems that the 
reverse is true and that adaptations have gone farther and 
faster in organisms in which the rate of reproduction and of 
elimination is relatively low. 


III. PROGRESSIVE EVOLUTION 


Thousands of species appear which do not lead to any in- 
crease in differentiation or in complexity of organization; they 
appear and if they find a suitable place in the world they may 
persist, but most of them do not represent any real progress. 
Almost all of the mutations which have been studied hitherto 
are retrogressive in that they represent a simplification of germ- 
plasm if not of adult structure and while some of them repre- 
sent stages in the formation of species few, if any of them, rep- 
resent a real increase in differentiation. Indeed progressive 
evolution, as distinct from speciation or adaptation, has appar- 
ently halted in almost every group of organisms; usually neither 
mutations nor real Linnean species lead anywhere except to. 
mere diversity. There are probably more than a million known 
species of animals and plants both living and extinct and yet 
there have been relatively few lines of progress. 

Whether evolution will lead to increasing complexity of or- 
ganization or merely to diversification must also depend upon 
the nature of the germplasm; increasing complexity in evolu- 
tionary series must have depended upon rare and fortunate 
mutations which were not only viable but contained the pos- 
sibilities of much further evolution and which were pecu- 
liarly suited to a favorable place in nature. On the other hand 
every mutant or species does not represent the beginnings of a 
new path of evolution probably because it is limited by the con- 
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stitution of its germplasm so that further progress is rarely 
possible. The old explanation of the cessation of progressive 
evolution among protozoa, for instance, was a purely teleological 
one, namely, they remained protozoa in order that they might 
occupy a place in nature which would otherwise be unoccupied. 
The true explanation is more probably that they are incapable 
of further progressive evolution; they have branched off from 
the main stem of progress and can not now return. The case 
is like that of the differentiation of cells in development; the 
only cells which remain capable of indefinite development are 
the germ cells; muscle cells and nerve cells can not again be- 
come germ cells, and in a similar way the only cells which re- 
main capable of progressive evolution are certain kinds of germ 
cells in certain groups of organisms. Certain species, like cer- 
tain cells, have become so highly differentiated in particular 
lines that they cannot progress much beyond the limits already 
reached; they are too highly specialized to give origin to new 
lines of progress. 


Paths of Progress 


In general progressive evolution implies an increase in the 
differentiation and integration of parts. In unicellular organ- 
isms such increase of organization is seen,in the multiplication 
and differentiation of many minor parts of the cell such as 
chromomeres, chromosomes, nuclei and the various units and 
organellae of the cytoplasm. The utmost limits of such pro- 
gressive organization within the limits of a single cell were 
reached relatively early in the history of life upon the earth. 
Living protozoa and protophyta are probably no more complex 
than those which existed in the Proterozoic Era and certainly 
there is no reason to suppose that unicellular forms are now 
undergoing progressive evolution; they ceased long ago to ad- 
-vance in organization and since then they have changed only in 
the direction of diversification or speciation. 

1. Multicellularity—A new path of progress was found 
when unicellular forms gave rise to multicellular ones. When 
the protozoan ancestors of the metazoa divided, the daughter 
cells no longer moved apart, and at the same time these daugh- 
ter cells retained the differentiations which they had at the time 
of division and in the course of further evolution added to these 
differentiations. In this way individual cells and cell aggre- 
gates became new units of differentiation and the entire or- 
ganism, composed of multitudes of such cells, was able to reach 
a stage of organization which was entirely impossible within a 
single cell. 
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A similar transition from a unicellular to a multicellular 
condition is seen at the present day in the development of an 
egg. The single egg cell shows certain differentiations, as does 
also the sperm cell, but these differentiations never go farther 
than the type of differentiations characteristic of a protozoan. 
By repeated divisions of the egg, cells are formed which adhere 
together and the initial differences which these cells have at the 
time of division are maintained and augmented as the cleavage 
of the egg proceeds—that is, there is no regulation following 
division by which each cell replaces lost parts and becomes like 
the original egg cell as happens in the division of a protozoan. 
However if the cells fail to remain united they do undergo a 
certain amount of regulation returning more or less to the con- 
dition of the egg; and if cell division is stopped differentiations 
quickly come to an end. In short it is necessary that the egg 
shall divide into many cells and that these cells shall remain in 
contact in order that differentiation may proceed; cell division 
is necessary to embryonic differentiation and cell union to or- 
ganic integration. Multicellularity is thus one of the most im- 
portant paths of progress that organisms have ever discovered. 


2. Multiplicity of Tissues, Organs and Parts.—As multi- 
cellularity led to the possibility of differentiations between in- 
dividual cells, so the grouping of similar cells together with 
their products into tissues, of tissues into organs, and of organs 
into systems has enormously increased the possibilities of differ- 
entiations among these parts. Within one of the higher ani- 
mals or plants there are therefore many units of structure of 
varying degrees of complexity and among these there are in- 
numerable numbers of differentiations while at the same time 
all are integrated into a single organism or person. 

3. Compound Organisms.—Finally combinations of organ- 
isms known as corms, due to incomplete division, are found 
very generally in the plant kingdom and among the lowest ani- 
mals such as sponges, hydrozoa, and polyzoa. Evidences of 
such incomplete division are found also in the segmentation of 
tapeworms, and in the metamerism of annelids, arthropods and 
vertebrates. In many of these cases this incomplete division 
makes possible a differentiation of the various zooids or seg- 
ments so that as in the case of the hydrozoa one zooid may be 
nutritive in function and structure, another reproductive, an- 
other protective, etc. In metameric animals there may be 
a notable differentiation of different metameres; indeed in 
all the higher animals metameric differentiation is one of the 
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chief methods of bringing about increasing complexity of or- 
ganization. Thus by the multiplication of cells, tissues, organs, 
systems, and zooids or metameres; by differentiations among 
the members of each of these classes; and by the integration 
of all of these into a single individual a degree of complexity of 
organization, both as to structure and function, is reached which 
so far as is known has no parallel elsewhere. 

Just as some of the most complex protozoa represent the- 
highest possible organization within the limits of a single cell 
so some of the most complex multicellular animals and plants 
represent the highest possible degree of organization within the 
limits of a single body. But no single animal or plant, how- 
ever complex it may be, can combine within itself all the com- 
plexities of all organisms. The very nature of differentiation 
signifies limitations in certain directions in order to secure 
further development in other directions. If a vertebrate have 
wings it cannot also have hands (except in the artistic repre- 
sentation of angels) ; if it have limbs differentiated for running, 
it can not also have limbs specialized for swimming; if it have 
enormous strength it can not also have great delicacy of move- 
ment. Thus while certain animals are differentiated in one 
direction and others in another no one animal can be differenti- 
ated in all directions. re 

There is good reason to believe that multicellular organisms 
have already reached and in many cases passed the highest 
stage of organization which is possible within the limits of a 
single body. When differentiations in any one direction go so 
far that they unfit the organism for any condition of life except 
a single and special one the chances for survival are greatly re- 
duced and sooner or later this highly differentiated organism 
becomes extinct or returns to a more generalized condition. 
Such limits to progressive differentiation have been reached in. 
practically every group of animals and plants. The climax of 
the progressive evolution of fishes was reached in the Paleozoic 
Era, of amphibians in the Permian, of reptiles in the Mesozoic 
and of mammals in the Tertiary. In all these classes the for- 
mation of new species and genera has been going on through- 
out their entire history, there has been diversification and speci- 
ation without cessation, but progressive evolution in the sense 
of increasing complexity of organization has reached its limit. 

In all existing classes of animals and plants progressive evo- 
lution has practically ended. Even in man, one of the latest 
products of evolution, there is evidence that physical and intel- 
lectual development have gone about as far as is possible; there 


600 THE SCIENTIFIC MONTHLY 


is not much prospect that the hand, the eye or the brain of man 
will ever be much more perfect than they are in many persons 
at present. It is of course conceivable that further evolution of 
the brain for example may occur, just as it is possible to con- 
ceive of a further evolution of the neck of the giraffe or of the 
trunk of the elephant, but there is a practical limit beyond 
which it is not possible to go. Differentiations must not go 
farther or faster than integrations and they must not render 
their possessor less fit to survive. It is very doubtful whether 
the brain of man could undergo much further differentiation 
without introducing disharmonies within the organism or with 
the environment. 

Both in complexity of organization and in perfection of 
adaptation progress has always been most rapid at first and 
has then gone slower and slower until it stopped. It may be 
compared to a curve which rises rapidly at first and then ap- 
proaches more and more to a straight line. Or better still it 
may be compared to a flow of lava which rushes forward while 
it is at a white heat and fresh out of the crater but goes more 
and more slowly as it cools until it stops altogether; if the cen- 
tral stream remains fluid (or the organism remains labile and 
relatively undifferentiated) it may burst out and again flow 
rapidly in one direction or another until it again cools and 
stops. Probably the farthest possible limits of progressive 
evolution have already been reached in all well-tried lines of 
progress. Further progress must be made in new lines if at all. 

Among animals no new phyla have appeared since the verte- 
brates in the Silurian or perhaps even earlier; no new classes 
since the mammals in the Triassic and the birds in the Jurassic. 
In the evolution of animals only about fourteen times in the 
whole history of life have new phyletic paths been found and 
several of these were practically blind alleys and led nowhere, 
not even to the production of many species, as, for example, the 
ctenophores, the rotifers and the chetognaths. Apparently, 
therefore, the progressive evolution of multicellular organisms | 
has come to an end so far as increasing complexity of organiza- 
tion of individuals is concerned. 

4, Social E'volution.—Just as a great advance was entered 
upon when the path of multicellularity was taken, so a still 
greater advance was made possible when solitary forms en- 
tered upon the path of social organization. There are many 
grades of individuality in the living world from the visible and 
even the invisible parts of cells to whole cells, cell-aggregates, 
: tissues, organs, systems, persons, corms, and finally colonies 
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and states. There are many grades of organization from the 
bacterium to the vertebrate, from the germ cell to the man. 
Animal societies are the last and highest grade of organization 
which has yet appeared on earth. | In such societies the integra- 
tion and cooperation of individuals makes possible a higher de- 
gree of differentiation than has ever appeared before, and the 
degree of differentiation of individuals which is possible is di- 
rectly proportional to the extent of their integration. 

The evolution of animal societies may be traced from a con- 
dition in which every member is much like every other and the 
bond of connection between individuals is a very loose one, up 
to societies of ants, bees and termites in which the specializa- 
tion of individuals is higher, the mutual dependence more com- 
plete, and the work which the colony is able to perform is im- 
mensely greater and more perfect than could be accomplished 
by any number of individuals working separately. What the 
individual cannot do because of weakness, lack of differentia- 
tion and short life, the social group can accomplish with the 
strength and specialization of all and through long periods of 
time. 

Whether social evolution, in which instincts alone are the 
integrating factors, has reached its highest possible develop- 
ment in colonies of ants, bees and termites no one can say, but 
it is certain that any further evolution along this line must lead 
to greater differentiation and integration of the constituent in- 
dividuals, or of entire colonies. 

5. Rational Evolution of Human Society.—Finally with the 
development of intelligence man has entered upon a new path 
of evolution in which progress has been extraordinarily rapid, 
namely the path of rational cooperation. All animal societies 
are based upon gregarious instincts and these instincts form 
the only bond of integration in most of these societies, but in 
man they are supplemented by intelligence and upon these gre- 
garious instincts as a foundation rational cooperation has 
erected that enormous structure which we call civilization. 

It is a notable fact that the social evolution of man has been 
very much more rapid than his physical evolution. In physical 
organization man has changed but little since the beginning of 
recorded history but in social organization the most enormous 
advances have been made and changes are still going on at a 
rate which is amazing if not alarming. The chief reason for 
this difference in the rate of physical and social evolution is to 
be found in the fact that experiences are more quickly regis- 
tered in the intellect than in bodily structure or even in the in- 
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stincts, and that in intelligent social groups all past experi- 
ences may be transmitted to future generations, so that each 
new generation stands as it were on the shoulders of the pre- 
ceding ones. On the other hand so far as bodily structures, 
functions and instincts are concerned, each generation begins 
life anew as germ cells and if it inherits any characters due to 
the experiences of its ancestors they are few and rare. 


CONCLUSION 


Finally if the rate of divergent evolution depends upon the 
number of mutations which appear, it should be proportional, 
other things being equal, to the rate of reproduction. But this 
as we have seen is not the case. If the rate of adaptative evo- 
lution depends upon the rate of mutation and the severity of 
elimination it also should be proportional to the rate of repro- 
duction. On the other hand, some of the most highly adapted 
forms such as birds and mammals have a relatively low rate of 
reproduction. If all members of a phylum have evolved from 
a common ancestor those which have gone farthest in any line 
of adaptation must have gone fastest; but in general the most 
highly adapted forms have a low rate of reproduction. If the 
rate of progressive evolution depends upon the rate of mutation 
and the severity of selection it also should be proportional to 
the rate of reproduction, but it is at once apparent that this is 
not the case; the most complex and most highly differentiated 
of all animals have the lowest rate of reproduction. 

These considerations lead one to seriously inquire whether 
recent theories as to the causes of evolution are wholly satis- 
factory. The rapid rate of evolution in active and highly com- 
plex but slow-breeding animals would be readily explained on 
Lamarckian principles. It seems highly probable that the rate 
of mutation is influenced by environmental conditions, as Plough 
has shown in the case of the pomice fly, and it is probable that 
environment has played a large part in the rate of evolution. 
On the other hand, the evidences against the inheritance of the 
effects of use or disuse are so strong that one hesitates to in- 
voke their aid. Nevertheless a broad view of the past evolution 
of life upon the earth, of evolutionary diversity, adaptation and 
progress, and especially considerations of the rate of evolution, 
cause one to inquire whether there may not be other important 
factors which possibly are not yet “dreamed of in our phi- 
losophy.” | 
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“a By Professor E. M. EAST 
BUSSEY INSTITUTION, HARVARD UNIVERSITY 


HERE is scarcely a subject in whose depths one may escape 
the problem of population. It pervades history and sociol- 
ogy, it penetrates ethics and philosophy, it influences science 
and the arts. This is because it is solely in man’s own interest, 
his food and protection, his love and happiness, that he founds 
social and political systems, establishes codes of morals, and 
otherwise busies himself going to and fro upon the earth. If 
there be an unvoiced criticism that these are mere platitudes 
founded on man’s domination of the world, and that a diversity 
of phases in the problem of population, as usually delimited, 
does not necessarily follow, it is not well-founded. The prob- 
lem of population takes form when it is realized what a large 
number of these vital interests of mankind are antagonistic to 
each other, are even mutually exclusive. And as a problem not 
one of these numerous ramifications may profitably be excluded. 
In spite of the catholicity of the subject, it has had definite 
consideration by only two classes of thinkers, theologians and 
economists. The theologians have discussed it with their habit- 
ual effusiveness, but their examination has been superficial. 
For them, mundane happiness has a very low order of magni- 
tude. It is a distasteful matter, unworthy of the spiritually 
minded. Such progress as has been made, and it should not be 
minimized, has resulted from the analysis of the economists. 
And I say this mindful that the man who made the greatest 
original contribution to the subject was entitled to place the 
word Reverend before his name; for he wrote as an economist, 
not as a theologist. 

I submit, however, that there should be no such monopoly. 
Such a momentous and difficult problem should not be the sole 
property either of priest or politician, of economist or social 
worker. I do not suggest its preemption by the biologist; yet 
by its nature the question is fundamentally biological, and if 
the biologists do not interest themselves in it, it can not receive 
the attention it deserves. 

1 Address of the retiring President, delivered at the thirty-seventh 


annual meeting of The American Society of Naturalists held at Princeton, 
New Jersey, December 30, 1919. 
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The problem of population is not new. Like all gereral 
questions it has interested mankind ever since there has geen 
some modicum of civilization. But, with that scholasticism 
characteristic of the majority of publicists of all times, it seldom 
has seemed necessary to base their statements, theories, or liws, 
upon concrete facts. One obtains little reward other thanetyn- 
ical amusement in following out its history, from the Lex Papia 
et Poppea,? enacted for the purpose of encouraging marriage 
and legitimate fecundity, by the efforts of two old bachelor con- 
suls in the year 10 A.D., to the analogous contemporary propa- 
ganda of our erstwhile bachelor colleague Popenoe,? from the 
naive teachings of the early Christian fathers, to the modern 
headline that “‘ Mrs. Blindly Helpful warns of birth decline,”— 
probably in the same awed tone that Little Orphan Annie whis- 
pered, ‘the goblins ’ill git you.” But even as the development 
of the doctrine of evolution is comparatively uninteresting until 
one reaches Lamarck and Darwin, the theories of population 
have little intellectual standing until the time of Franklin‘ 
(1751) and Malthus® (1798). 

Franklin’s chief contribution to the subject was a short 
essay entitled “Observations concerning the Increase of Man- 
kind and the Peopling of Countries.” In it the dependence of 
population increase or decrease on food, commerce, type of gov- 
ernment and conditions of labor, were succinctly and accurately 
stated. Malthus acknowledged his indebtedness to Franklin; 
but the fate of Franklin’s essay as compared to Malthus’s trea- 
tise was as those of Wallace and of Darwin on Natural Selec- 
tion, the logic was good but the basis of material fact was small. 

Malthus, on the other hand, delved successfully for facts and 
found their meaning. In spite of bitter criticism his work is 
accepted to-day by leading economists with little change. The 
only difficulty is that the world is inclined to blunder along with- 
out heeding Malthus’s warning. It sits gaily at its present feast 
oblivious of the mene tekel on the wall. How many of our lead- 
ing biologists, even, have read the “Essay on Population’’? 
They know it gave to Darwin his long-sought concrete cause of 
organic evolution, Natural Selection, but in general can they 

2Strangeland, C. E., “Premalthusian Doctrines of Population,” 
Studies in History, Economics and Public Law, Vol. 21, No. 8, pp. 1-356, 
1904. 

8 Popenoe, P. and Johnson, R. H., “ Applied Eugenics,” New York, 
- Macmillan, 1918, pp. 459. 

4Franklin, B., Miscellany. (1751.) 

5 Malthus, J. R., “An Essay on Population,” 3 vol. Georgetown, 
Milligan, 1809. First American from third London edition. 
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do more than speak vaguely of a geometrically increasing popu- 
lation pressing upon an arithmetically increasing food supply? 
If the scholar thus casually passes by a fundamental cause of 
past, present and future social unrest, can one justly call to 
court the harebrained Bolshevist for his fallacious doctrines, or 
rail against legislators, who, true to their primary principle of 
holding firmly to their jobs, pass resolutions to investigate the 
high cost of living or the relations of labor and capital, with the 
same aplomb as they would undertake to investigate the law of 
gravitation could such a procedure further their political 
fortunes? | 

Malthus’s work went through many editions. In some par- 
ticulars the first imprint was more pessimistic than the later 
revisions. Perhaps if the author were alive to-day he would 
return to his first impressions; but since the purpose of this 
paper is to look into the facts as they affect the present and the 
immediate future, I shall epitomize his mature conclusions as 
given in the third edition. 

The object of his inquiry was to examine the causes imped- 
ing the happiness of mankind, and to speculate on the probabil- 
ity of their removal. The chief cause of distress and misery he > 
attributed to the constant tendency of man, in common with the 
lower animals, to increase beyond the means of subsistence. 
Irrational animals, he states, are powerfully impelled to increase 
their species freely, deterred by no doubts about providing for 
their offspring; and the results of this freedom are afterwards 
repressed by want of room and nourishment. Mankind, im- 
pelled to increase by the same instinct, is somewhat checked by 
reason; but nevertheless the tendency is such that the increase 
of mankind actually does press upon the means of subsistence to 
such an extent that various forms of misery, or the fear of 
misery, are the direct result. 

The ultimate check to population is thus a want of food 
which necessarily results from the different ratios according to 
which population and food increase. 

The immediate check may be stated to consist of all those customs, 
and all those diseases, which seem to be generated by a scarcity of the 
means of subsistence; and all those causes, independent of this scarcity, 
whether of a moral or physical nature, which tend prematurely to weaken 
and destroy the human frame. 

These obstacles to increase, he maintained, were resolvable 
into moral restraint,—to which one may to-day add artificial 
family limitation,—vice, and misery. To state the matter a 
little differently, increase in population is the chief cause of 
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misery in so far as that misery is caused by the struggle for 
existence. Under this head he named “ unwholesome occupa- 
- tions, severe labor, extreme poverty, undernourishment of chil- 
dren, great towns, excesses of all kinds, the whole train of com- 
mon diseases, wars, plagues and famine.” : 

One may without exaggeration add materially to this list, 
for all of man’s activities are resolvable into a struggle for ex- 
istence and a struggle for perpetuation, and it is the antagonism 
of these two instincts that leads to all the trouble. 

To my mind, the Reverend Doctor proved his case very 
neatly in the three volumes of his work. Not only that, but he 
discovered two principles as corollaries to this main thesis, 
which are particularly important at the present day. The first 
is to the effect that emigration relieves population but tem- 
porarily, owing to the increased birth rate of the remaining 
population resulting from a release of the economic pressure. 
The second is that the lower classes of a population tend to re- 
place the upper classes,—a natural conclusion following from 
the fact that that part of the population which takes no thought 
of the future has the highest birth rate. 

Nevertheless, in spite of this thorough and scholarly attempt 
to place before the public logical conclusions on this great prob- 
lem, induced from concrete facts, in spite of later analysis and 
acceptance by every economist of note, there is still a hue and 
cry for population. European countries, crowded to the utmost, 
appoint commissions to inquire into their declining birth rate, 
and to take steps to increase it. Tempestuous people in the 
public eye thunder forth dicta about the subject, though blindly 
ignorant of the facts and making no pretense of learning them. 
Even those who pass for scientists and might be expected to 
look into the subject, seem obsessed with the same idea. Wit- 
ness a paper® delivered a short time ago by the statistician of 
the Metropolitan Life Insurance Company at a meeting of the 
American Association for Advancement of Science, and after- 
wards spread broadcast as a part of The Congressional Record. 
It is difficult to. account for such narrowness of view, super- 
ficiality of logic, and general inability to grasp the broad prob- 
lem, as is exhibited in this paper. If these are the reactions of 
those from whom some basis of knowledge might reasonably be 
demanded, what is to be expected from the man on the street 
who is entranced as with a toy by the mere idea of bigness—a 
6 Dublin, L. I., “ The Significance of the Declining Birth Rate,” Sci- 


ence, N. S., 47: 201-210, 1918. See also reply with same title by Ellen 
Hayes, Science, N. S., 50: 583-536, 1919. 
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big country, lots of people—let them live as best they may. But 
enough of this; let us examine the facts on the subject as we 
face them to-day. 

In the time of Malthus, the world could still be considered as 
a collection of more or less isolated geographical entities. Suc- 
ceeding the original development of subraces through real iso- 
lation, there had been waves of migration with resulting inter- 
mixtures of peoples, it is true; but at that time, a short 100 
years ago, there remained a condition of geographical separa- 
tion which has now been swept away. The world war brought 
home to us the illusiveness of distance. In considering the ques- 
tion before us from the broadest point of view, the whole globe 
must be treated as a unit. 

How fast the population of the earth has increased in the 
past is an unknown quantity, and will remain unknown. An 
estimate of the present population or of its natural increase is 
not accurate by any means, but is more than a random con- 
jecture. From the returns of the Registrar General of Eng- 
land, the Census reports of the various civilized countries, the 
Statemen’s Year Book, and the opinions of several travellers in 
Africa and the Orient, I estimate that there are at present 1,700 
million people. A careful review of the factors involved leads 
me to believe that the probable error is not greater than + 40 
million. Again, the annual natural increase estimated country 
by country, disregarding the effect of the war, totals not less 
than 14 million or more than 16 million. This is an average 
rate of about 9 per thousand. To show that this estimate is 
conservative, I may say that a letter from the Office of the 
United States Census rates the annual increase of population in 
the world at approximately 25 million. 

Consider a moment what these figures mean. Not long ago 
we were asked to speed production, to save, to waste nothing, 
that Belgium might be fed and clothed. We did this and more, 
and we may well be proud of a difficult task efficiently accom- 
plished. But, have we realized, can we realize, that 2 Belgiums 
are added to the world’s population each year? And all must 
be fed,—though perhaps some need not be clothed. 

Segregating this increase by races as accurately as one may, 
shows that the white race is increasing much more rapidly than 
either the yellow or the black. China’s 300 million population 
is practically stationary; India and the South Sea Islands are 
increasing spasmodically, but probably not at a greater rate 
than 8 per thousand. Japan, on the other hand, has a natural 
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increase of over 13 per thousand; and the theoretical curve 
fitted to the crude birth rate is rising, though the crude death 
rate is stationary. The blacks are increasing rapidly only in 
this country, where the natural increase is now about 11 per 
thousand, and in the West Indies. In Africa they are increasing 
but slowly. In some parts they are actually decreasing, and it 
is doubtful if they reach the figure for the United States even 
in the richest sections of the continent. The white race is the 
race on the road to numerical domination. With the exception 
of France, few white peoples are increasing at a less rate than 
10 per thousand. The countries of eastern Europe, Russia, 
Rumania, Bulgaria and Serbia, with tremendous birth rates, 
from 40 to 50 per thousand, are increasing at a rate of from 17 
to 19 per thousand, while Australia and New Zealand, with low 
birth rates, from 26 to 28 per thousand, are multiplying at 
nearly the same speed, due to their low death rates. 

It is natural to ask how the Great War affected these esti- 
mates. No precise answer to the question can be given, because 
it is just possible that the after effects of this war will be unlike | 
the after effects of previous wars, in that the birth rate will 
continue to be depressed below the pre-war figures. Person- 
ally, I do not believe this will be the case. I believe we may read 
the future in the past, and that the birth rates will take such 
upward trends in the war stricken countries that in a very few 
years they will readily fit projections of the pre-war curves. In 
other words, I believe it to be a fair prediction that so far as 
general gross natural increase of population is concerned, the 
curve when plotted from 1900 to 1950, if that be some day pos- 
sible, will show only a temporary deflection for the years 1914 
to 1919. The tide of population is not kept back by the flimsy 
barrier of war, it is but baffled for the moment. 

Naturally, if one looks at the subject more minutely, he can- 
not deny the great influence of the war upon the countries 
primarily involved. The reports are conflicting, but various 
official estimates place the direct losses at between 10 and 12 
million. The indirect losses are hardly more than half as much, 
—perhaps much less. Indeed if one could correct for lessened 
death rates due to army training, the total would be materially 
diminished. It may be doubted, therefore, whether all losses, 
direct and indirect, attributable to the war, are over 18 million. 
And I may say that this statement is not made haphazard, but 
after due consideration of the data from the statistical divisions 
of several of our own and other governmental agencies. Com- 
_ pare this, then, with the effects of the pandemic of influenza in 
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which not less than 20 million people are thought to have lost 
their lives. Numerically, both of these figures are terrible, stag- 
gering, incomprehensible; yet on a percentage basis they are 
trifling when compared with the wars and plagues which swept 
Europe and Asia in former times, and from which they recov- 
ered with astonishing rapidity. 

Let us turn for a moment to the potential loss due to the de- 
crease in the birth rate. An estimate in 1917,’ based on cities 
in Germany comprising about one sixth of the population, 
showed that the German birth rate had dropped about 10 per 
thousand. If we assume this to be correct for warring Europe 
plus Turkey in Asia, three years potential loss is approximately 
8,500,000. This figure allows Russia in Europe but one third 
the loss of the others, for the very good reason that the Russian 
manner of living is such that a loss of 3 or 4 per thousand more 
nearly represents the facts, and excludes the United Kingdom 
where the depression was slight. This again is a great poten- 
tial loss, but is it not small compared with the total population 
of the countries involved, and will it not be made up as it has at 
the close of all other wars by a temporary supernormal birth 
rate? Furthermore, in central Europe it was found that the 
war conditions actually made for a lower infant mortality, prob- 
ably because of a greater frequency of enforced breast feeding; 
and the actuality of the potential loss is not wholly what it 
seems to be. 

_ These facts are given for the purpose of showing that in 
spite of wars, notwithstanding plagues and pestilences, the 
world goes merrily on obeying to the letter the biblical injunc- 
tion, “increase and multiply.” But I hear the question, is this 
going to continue? Is there not a generally decreasing birth 
rate? Yes, this is true. In most of the civilized countries of 
the world the birth rate is slowly but steadily decreasing. The 
result, however, is not what many would have us believe. The 
inter-nation correlation between the birth rate and death rate 
is high. In general, where the birth rate is high, the death rate 
is likewise high.® Where the birth rate is low, the death rate is 

7 Vital Statistics in Germany. Taken from Verdffentl. d. k. Gsndhts- 
amtes (41: 1917), by War Office. Issued in Medical Supplement, Review 
of the Foreign Press. . 

8 Cf. Mallet, Sir Bernard, “ Vital Statistics as Affected by the War,” 
Jour. Roy. Stat. Soc., 81: 1-86, 1918. 

®Cf. Drysdale, C. V., “The Small Family System,” New York, 
Huebsch, 1917, pp. 196. Also “The Declining Birth Rate: its Causes and 


Effects.” Rpt. National Birth Rate Commission (Great Britain). New 
York, Dutton, no date (preface dated 1916), pp. 450. 
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low. Australia, New Zealand and Holland with low birth rates 
have tremendous rates of natural increase, rates much higher 
than many other countries with very much larger birth rates. 
There is but one outstanding exception to this rule—France. 
Though France reduced her births, she failed to reduce her 
deaths as fast as might reasonably be expected in a country 
with her standard of culture. Having reached a point where 
there is practically no natural increase, therefore, her death rate 
more nearly measures the absolute length of life of her in- 
habitants, and for that reason seems abnormally high. Were 
the birth rate of France to take a sudden rise, there would be 
the apparent paradox of a fall in the death rate due to an in- 
creasing population. Nevertheless France stands alone in this. 
Other countries from which we have statistics are still increas- 
ing, and in them the positive correlation between the birth and 
death rate holds; although in saying this we make no claim as 
to the relation for intra-nation correlation on a time basis, for 
the simple reason that it has not been adequately studied. It is 
a fair prediction, however, to say that owing to the steadily in- 
creasing development of medicine and of general sanitation, the 
decrease in the birth rate will have no great effect on the natural 
increase in the world for many years to come. In fact it would 
not be surprising if during the next 50 or 100 years the excess 
of births over deaths should go up rather than down in many 
countries. 

What is to become of this flood of people? The international 
situation at present is this. China is stationary in population, 
—a high birth rate (if we may believe, reports), and a high 
death rate. With a permanent system of agriculture she feeds 
herself. Northern Asia, Central Asia and even India can sup- 
port a few more people. Australia and New Zealand are in- 
creasing at a rate which their possibilities in the way of food 
production can stand for only a short time. Europe, as a whole, 
is already over-populated. England is in the least desirable con- 
dition, with the countries of northern Europe running her a 
close second. By great efforts Europe can support its present 
population without extreme hardship, but the efforts must be 
sustained and efficient. There remains then, Africa and South 
America, as colonization centers,—the United States we leave 
for separate consideration. These places should be able to sup- 
port a large number of people. True, large portions are trop- 
ical, and the white man has not been a particularly successful 
occupant of the tropics; nevertheless one may predict, without 
undue optimism, that these difficulties will be conquered, and 
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that these lands will repeat the history of North America. 
There will be emigration from Europe, and perhaps from Asia; 
there will be a birth release in the new lands; and they will 
teem with people. And let us make no mistake here. If science 
makes this development possible, the time when Africa and 
South America are filled to the practical limits of their food pro- 
duction is no dim and distant future. If the rate of increase 
actually existent during the nineteenth century in the United 
States should obtain, within the span of life of the grandchil- 
dren of persons now living, these countries will contain over a 
billion inhabitants. 

Long before this eventuality, the struggle for existence in 
those portions of the world at present more densely populated 
will be something beyond the imagination of those of us who 
have lived in a time of plenty. Each geographical unit must 
then of necessity produce its food. It will be impossible for a 
country to maintain a position such as that of England. Excess 
population supported by commerce will be a thing of the past. 
There will be commerce, of course, but exportation of food in 
quantity will not longer be tolerated. 

To present this matter in a way which will bring home the 
economic and biological consequences of population pressure. 
let us consider it in some detail as it affects the United States. 
We have taken the census thirteen times,’?® 120 years,—not a 
long period as even history is measured. In 1790 the popula- 
tion was 4 million; in 1910 it was 92 million. In 1920 we may 
expect to have somewhere near 110 million people. In 120 
years, the country had increased in population 23 times; in 130 
years, it presumably will have increased 27 times. More min- 
utely, of the 92 million returned by the enumerators in 1910, 82 
million were white and 10 million yellow and black,—chiefly 
the latter. But of the 82 million white, only 68 million were 
native white, over 13 million being foreign born. If we look a 
little closer, we find that only about 49 million were native 
whites of native parentage,—32 million being either foreign 
born or of foreign or mixed parentage. Thus in 1910 only 53.8 
per cent. of the population were native whites whose parents 
had been born in this country, though from 1820 the total immi- 
gration had been less than 28 million. 

With this chronicle of the past as a basis, one may visualize 
the future, provided the causes of increase remain the same. 

10 All U. S. population figures from publications of the U. S. Bureau 
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In 1891 Pritchett*t found that the population curve of the 
United States could be represented by a parabola with the equa- 
tion P—=A++Bt4+Ct?+ Di#+---, where P represents the 
population and t the time from an assumed epoch. How well 
the projection of this curve has fitted for a short period is shown 
by the actual and the computed figures for the last three census 
years. In 1890 they were almost identical; in 1900 there was 
an excess of nearly a million and a half, and in 1910 an excess 
of over two million and a half in favor of the computation. 

This is a rather good fit, all things considered; but, the fact 
that the actual population is already lagging behind the pre- 
dicted population shows that the causes operating in the earlier 
history of the country have now been modified. The computa- 
tions of 386 million for the year 2000 and 1,113 million for the 
year 2100, therefore, are much too high. Nevertheless, these 
are short periods, 80 and 180 years, respectively, and the tend- 
ency toward an almost unbelievable increase is strikingly 
shown. Let us keep in mind the possibility of taking care of 
300 million people before all of our children have ceased their 
struggle for existence, and of supporting some 700 million who 
will compete with our grandchildren, while we turn our atten- 
tion to the resources of the country as they exist to-day. 

I know I shall be termed a preacher of calamities, but the 
facts admit of but one conclusion: the law of diminishing re- 
turns is even now in operation in this comparatively new coun- 
try thought to be supplied with inexhaustible riches. This is 
the result of my own somewhat extensive investigation. It is 
the result of the accurate scholarly study of Thompson,?2—the 
only economist, as far as I have been able to discover, who has 
had the courage to face the subject in a thoroughly scientific 
manner. 

This age has been called the Age of Steel, an apt trade name 
for our present type of civilization. Nevertheless this period, 
like all ages past, and all times to come, is one of Agriculture. 
Civilization, like an army, marches on its stomach. The present 
and potential food supply is what interests us most. It is true 
we could show that in spite of the abundant supply of mineral 
wealth within our boundaries, all is not as well as might be. 

11 Pritchett, H. S., “A Formula for Predicting the Population of the 
United States,” Amer. Stat. Assn. Quar. Pub., N. S. 14, Vol. 2: 278-286, 
1891. This formula may not be the most precise one possible, but it 


serves our present purpose. 
12 Thompson, W. S., “ Population: A Study in Malthusianism.” Pri- 
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Our coal supply is being dissipated. Nearly a sixth’ of our 
visible supply of anthracite has been mined within the limits of 
one generation. But 15,000 tons per capita of bituminous coal 
still remain untouched,—presumably enough for about 5 cen- 
turies with the present per capita consumption. Our petroleum 
reserve is speeding on its way at a still greater pace. Forty per 
cent. of the visible supply is gone, and merely at the present rate 
of consumption there is only enough left for some twenty-odd 
years. 

If, as our mining experts claim, the total supply of these, 
our two main sources of energy, has been mapped properly, it 
would seem that our Steel Age is on the road to senility. Toa 
Babylonian returned to look over the prospects, it would prob- 
ably appear as a transient phase unworthy of particular notice. 
Perhaps matters are not so bad as they are painted, however. 
Our utilization of water power is still very limited, and in the 
more distant future we can look to the moon for our energy re- 
quirements. We shall harness the tides. In the case of agri- 
culture, I am not so sanguine. | 

The sower, the tiller, the reaper, go their ways with the same 
changeless routine they have taken since the dawn of civiliza- 
tion. No fairy godmother has appeared to aid our most essen- 
tial art; and the story of the past gives us reason to be skeptical 
of the future. In a way agriculture has become more efficient. 
Chemistry, physics and biology in their applied branches have 
given us a more definite knowledge of cause and effect, and 
have provided for a greater return per unit of man power. But 
he who makes two blades of grass grow where but one grew 
before must be prepared to pay the price in a lesser number of 
blades to come after. Novel methods of culture, more efficient 
machinery, new and better yielding varieties, are but means of 
exploiting a limited reserve of soil fertility at a higher rate. 

It is curious what false ideas in regard to agricultural pos- 
sibilities are held by so many people. Not long ago I asked a 
well-trained business man how much more land could be brought 
into cultivation. His off-hand estimate was between 400 and 
600 per cent. Now the whole land area of the Untied States is 
only 1,903 million acres ;* and 47 per cent. is now included in 
farms, although only about 55 per cent. of the area of these 
farms is improved. There remains 1,023 million acres, as a 

13 Gilbert, C. G. and Pogue, J. E., “The Energy Resources of the 
United States: a Field for Reconstruction,” U. S. Nat. Mus. Bull., 102: 
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14 Cf. Thompson, W. &., l. c. 
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reserve supply. Of this, 468 million acres is arid land having 
an annual precipitation of less than 15 inches, 200 million acres 
must be preserved as forest lands, 75 million acres is swamp 
with perhaps 40 million acres permanently unusable, and 41 
million acres is already in cities, roads and railroads. There 
is then a grand total of 749 million acres which must be with- 
held from agricultural use permanently, without allowing for 
urban and transportation increase. When this is subtracted, 
the 274 million acres left does not loom so large. There is a 
parcel of 40 million acres to be added, however, when all irriga- 
tion projects possible under the present system of construction 
are made available, making a total of 314 million acres. This 
calculation shows that we have been extravagant in our opti- 
mism. After the expenditure of vast sums, after the comple- 
tion of tremendous tasks of engineering, we can add barely 35 
per cent. to our present farm area. 

We may catch at the straw in sight, and point out that only 
55 per cent. of farm lands are improved, and that therefore 
when all available land is improved, 170 per cent. of our present 
area will be added. But this straw is loose, as a little consid- 
eration shows. The unimproved land of to-day remains uncul- 
tivated because the net returns for farm produce are not high 
enough to warrant its cultivation. Bluntly, it is too poor to be 
farmed until the price of food goes higher. Not only is this 
true, but it should also be emphasized that many farms in the 
older parts of our country, which once produced a profit, have 
so deteriorated after a lone century of cultivation that they are 
now either tilled at a loss or are abandoned. 

It would be foolish to maintain that this country can not 
support a much larger population. This is not the economic 
question before us. The population will continue to increase for 
years to come, though more and more slowly as discomfort and 
want become more prevalent. My point is that the reserve 
farm land is less productive than the improved land, that the 
fertility of the soils now being tilled is decreasing, that the law 
of diminishing returns is now in active operation. If these are 
the facts, and the statements are amply supported, a continuous 
increase in the food cost of living must go hand-in-hand with an 
increase in population, although there may be a temporary 
after-war downward trend if production is sustained and the 
water forced out of our inflated currency. There will be more 
people, but there will be a more strenuous struggle for existence 
proportionate to the increase. 
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What is the reason for asserting that diminishing returns 
now show in agriculture? There are various ways of throw- 
ing light on the question, but data from two sources are 
sufficient. Elaborate chemical, physical and plot culture in- 
vestigations of various soils*® have been made by the Agricul- 
tural Experiment Stations of Illinois, Ohio, Pennsylvania and 
Minnesota, and less extensive experiments have been carried 
on in other states. One who takes the trouble to study the 
published reports of these researches with care is fully repaid. 
They prove beyond question that the farm soils of the United 
States are by no means of unlimited fertility. The three essen- 
tial elements of fertility, so-called, potassium, phosphorus and 
nitrogen are present in such small quantities that the natural 
production curve of various types of soil under particular sys- 
tems of cropping can be estimated with a fair degree of ac-_ 
curacy. And in most cases it is not centuries but decades 
before continuous cropping shows decreasing returns, no matter 
what the rotation. 

Fortunately there is a comparatively large supply of potash 
in most soils, and there is nitrogen to be obtained from the air 
by the proper use of legumes or by electrical methods; but the 
phosphorus content, generally speaking, is so low that it soon 
becomes deficient if not replaced by artificial fertilizers, for 
nearly 4,000 million pounds of phosphoric acid'!* are removed 
annually by the grain crops alone,—nearly 20 pounds per acre. 
Fortunately again, the element commonly limiting the fertility 
of the soil may be supplied for a time from the large phosphate 
beds?” of South Carolina, Florida, Tennessee and the North- 
west, which contain over half of the world’s supply, estimated 
by Hopkins at 500 million tons. The matter of prime impor- 
tance, however, is not the possibility of keeping up crop returns 
for a considerable period when all available means are utilized. 
It is, that natural cropping by the present system is depleting 
all soils rapidly, and that millions of acres have already reached 
the point where their present productiveness can only be kept 
up by increasing amounts of artificial fertilizers. Much of our 
natural agricultural wealth has been used, with no charge made 
for it in the production costs. This is bad bookkeeping. No 
charge for depreciation means bankruptcy in any business. 

15 Hopkins, C. G., “ Soil Fertility and Permanent Agriculture,” Boston, 
Ginn, 1910, pp. 658. 

16 Hopkins, C. G., l. ¢. 


17Cf. Wyatt, Francis, “ The Phosphates of America.” New York, 
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Now that the fertilizer industry is increasing by leaps and 
bounds, and farming with the use of artificial manures must 
compete with new land farming, we can see more clearly what 
the ledger sheet of the future must show. Absolute costs per 
unit of man power, and per monetary unit, are mounting and 
will continue to mount, because of the diminishing returns 
which such a system entails. Furthermore, there will come a 
time, a time not so very distant, when the current agricultural 
system must be replaced. A more efficient system of saving 
plant nutrients similar to that of China and certain European 
countries must be installed. The elaborate scheme of waste 
evolved by our sanitary engineers will have to be discarded. 
Perhaps there are those, however, who deny the truth of the 
current theories of soil fertility. Such denials have been made, 
though without the support of quantitative data. Neverthe- 
less, be the theories of soil fertility what they may, the experi- 
ments on continuous cropping are facts. There is a decrease 
in natural productiveness with all known methods of continu- 
ous cropping, which is so rapid it may well alarm those who 
look toward the future. | 
Let us examine data on this subject from a second source. 
They are perhaps still more convincing. We see continually in 
the various reports of government agencies, how much the 
crops of the country for a definite year exceed those of a previ- 
ous year or term of years in acreage, production, and value; 
yet it is of no particular importance that our production of 
crops or of food-animals is increasing. Paper wealth is cold 
comfort. What we wish to know is whether with improved 
machinery, new methods, and better varieties, our agriculture | 
is keeping pace with our population. | 
The per cent. of actual increase in population in the decade 
1900 to 1910 was 21. The per cent. of increase in farm lands 
during the same period was 4.8. But this does not necessarily 
mean a great deal. To obtain more pertinent data I have 
plotted the per capita production of meat animals, and of acre- 
ages and production of the chief agricultural crops from 1870 
to 1916.1* In order to obtain trustworthy figures, the enumera- 
tions of animals for the census years only have been used, while 
the production figures are the ten-year averages centering on 
the census years. The last point is the average for the years 
1915, 1916 and 1917. The graphs are very interesting and 


18 The figures upon which these calculations are based, have been 
taken from the Year books of the U. S. Dept. of Agriculture. 
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illuminating, but this is not the place to consider them in de- 
tail. The gross results are as follows. The peak of swine pro- 
duction, .951, was reached in 1880. In 1910 it was .633, and in 
1916, .667. After various fluctuations sheep production 
reached .809 in 1900, but in 1916 was only .480. Milch cows 
have remained rather more constant, but the curve shows a 
downward trend since 1890. Other beef cattle, perhaps the 
chief meat supply, have dropped markedly from a high point of 
.666 in 1900 to .3899 in 1916. 

The vast grazing lands of the early days are gone and with 
them low priced meat has passed. Does one need any other 
reason for the rise in meat price-rates up to the year 1915? 

Let us pass now to the per capita acreage of the great cereals 
and potatoes. Corn remained the same from 1880 to 1890, 
about 1.16, and has dropped slowly ever since. Wheat reached 
a peak of .67 in 1880, and has steadily gone down to .52. Oats. 
was the same in 1916 as in 1890, but was lower ad interim. 
Rye and potatoes have remained rather constant, though the 
tendency is downward. ‘The barley acreage has risen through 
the demands of the liquor interests, but may be expected to 
drop with the incoming of prohibition. Thus in the pre-war 
period from 1870, the acreage of three great cereals, corn, wheat 
and oats, is not a matter of congratulation, though production 
through the increased use of fertilizers, better varieties and 
more intense cultivation has been sustained. 

The production history for corn in the decades from 1870 
taking for the last point the average of the years 1915, 1916 and 
1917, is 23.38, 29.43, 27.28, 27.90, 29.72, and 28.61 bushels. As 
a whole, then, corn production has just about kept pace with 
population. Wheat, the basis of national life, follows nearly 
the same course. The figures 6.01, 8.24, 7.24, 7.60, 7.23 and 
7.59. Oats have risen sharply. The figures are 6.63, 8.65, 
10.41, 10.49, 11.17, 14.39. 

These figures, considering them from all angles, are not a 
cause for present pessimism. The increased production of 
1918 and 1919, due to the stimulation of war prices, shows what 
may be done by intensive methods even with our present sys- 
tem of agriculture. Nevertheless, I ask you to note that as a 
whole our food production per capita from about 1880 or 1890 
to the war period has slighly declined. And this is in face of 
a tremendous increase in the use of fertilizers, a widespread 
propaganda for better methods of cultivation which was not 
without its results, a constant influx of improved machinery, 
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and a continuous production of new and better yielding varie- 
ties. There is but one conclusion. Diminishing returns in 
agriculture are operating, and with a continuously and rapidly 
increasing population they will become more and more in 
evidence. | 

The arguments that have been used concerning diminish- 
ing returns in agriculture are not negated by the fact that the 
United States is still exporting large quantities of food. Since 
the people of the United States do not at present eat all the food 
produced, many will say that all is well. This does not follow. 
The improvident individual may feast before he wants. The 
prodigal heir may have a high time before the reckoning comes. 
The business on the verge of bankruptcy may be running at the 
peak of production. No one denies that the productivity of 
the United States is at present beyond her needs. No one 
denies that this production may be increased very considerably. 
We do maintain that capital is being dissipated to show these 
results, that returns are lessening to such an extent that the 
food cost of living—barring the war disturbance—is bound to 
rise, and that certain portions of the country actually do feel 
the pressure. 

It may be replied that decreasing returns in agriculture will 
be offset by increasing returns in non-agricultural industry. 
But, as Thompson has shown, it is not at all certain that manu- 
facture presents increasing returns. It is but recently that 
cost accounting has taken into consideration the case of the 
workman, and it has not yet included the cost of maintaining 
our great city industrial systems with their streets, bridges 
and railways, their schools and hospitals, their banks and 
libraries, their bonded indebtedness. With these increased 
charges, what would be the balance sheet? The very fact of 
the immense bond flotations of our political units show that we 
are building upon the insecure assumption that the present 
social system is sound and permanent. Unless increasing re- 
turns for the country as a whole are in sight, our house is built 
upon sands. Let us give these matters their proper place when 
dealing with panaceas for social unrest. There can be no 
value in prescriptions which leave untouched the fundamental 
causes. 

If pressure upon the means of subsistence is beginning to 
be felt in this relatively new country, if misery and suffering 
due to overcrowding is approaching—and who can face the 
facts and continue to doubt—what a dire prospect exists for 
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the older countries of the world.1® And a sad feature of the 
case is the fact that though there be a continuous emigration to 
those portions of the world where unexploited natural wealth 
still remains, but slight temporary relief will be afforded the 
countries from which the emigrants go. Long before the 
sparsely populated lands are filled, in the next half century in 
such prosperous countries as our own, there must be a shift of 
population from the cities to the farms. Coincident with this 
industrial change there must be a simplification and probably 
a lowering in what we are pleased to call the standard of 
- living. Technical industry can not take the burden of this 
shift and still continue to furnish the whole of the people with 
the comforts and luxuries they have come to deem necessary. 
Contemplation of this fact is all that is necessary to show that 
at the same time there will be a continued lowering of. the 
birth rate. The relation between these matters is not kept from 
the people. Their theories on the subject may be hazy, but 
direct pressure on existence is a great teacher. The birth rate 
will continue to go down, and immigration will be greatly re- 
stricted if not prohibited. Broadly speaking, this is a result 
not to be deplored. Why then is so much time, ink and paper 
used in decrying the declining birth rate? There is one real 
reason, but it is not the one acknowledged by greater popula- 
tion propagandists. 

Economically the position of the French people in 1914, with 
a very slowly increasing population, was extraordinarily good. 
Thrift and industry had placed them in the fore-front of the 
nations of the world, and there was relatively little pressure 
upon the means of subsistence. They feared two things: first, 
immigration of peoples with lower standards of living and 
greater rates of natural increase, with resulting replacement of 
the native French; second, attack from the east. Both fears 
had a real basis as we know, and Leagues of Nations or of 

19 One of my colleagues has made the off-hand criticism that these 
conclusions do not hold because no allowance has been made for the “ im- 
mense possibilities in the way of utilizing sea food.” This criticism well 
illustrates the ease of refuting a statistical argument by using a state- 
ment which has no basis of fact. In the first place, the sea-food industry 
of the world is of little import as a factor in feeding the world’s popula- 
tion. Making all due allowance for possible understatement in the sta- 
tistical returns, the value of the sea-food production of the world is less 
than that of the production of poultry and eggs in the United States. In 
the second place, diminishing returns in this industry are indicated by the 


fact that the increase in capital employed during the last 20 years is very 
much greater than the increase of the returns in product. 
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Notions will not abate them. These apprehensions will always 
be bogies of small nations. The odd thing is that so many 
statesmen should encourage actual misery from over population 
to alleviate a fear of possible misery through aggression. 

In a country such as the United States the second fear is 
groundless. With a proper preparation for war, an attack on 
the United States should not be considered seriously. Mere 
masses of people are not a menace as they once were, as the 
Germans and Russians have demonstrated. And we are big 
enough to take care of ourselves. The other fear is something 
more definite, but few give it any attention. The unacknowl- 
edged reason why the politician wants more people is to satisfy 
his longing for greater power, the hidden desire of too many 
capitalists is for cheap labor. The real objection to a declin- 
ing birth rate is that it is always selective. 

The selective birth rate in the United States is a subject on 
which much has been written, but on which there is little accu- 
rate information. The vital statistics of various states are 
meagre and rather untrustworthy. In fact even at the last 
report (1916),?° the registration area included only about one 
third of the whole population. The crude birth rate for that 
year was reported as 24.8 and the crude death rate 14.7, leav- 
ing a natural increase of 10.1 per thousand; but the figures 
probably do not represent the facts. Neither death rates nor 
birth rates are reported in full, but the deficiency in registration 
of births is undoubtedly greater than that of deaths. It would 
not be a surprising matter if the real natural increase in the 
United States as a whole is about 11.5. 

The negro birth rate is put at 22.8 and the death rate at 
24.4. Obviously these figures can not be accepted at their face 
value. Not only are the vital statistics registered for negroes 
known to be less accurate than those for whites; but no part 
of the real “ black belt,”’ where the negro is in his best environ- 
ment, lies within the registration area. The figures are largely 
from cities where there is an extensive negro population, places 
in which numerous factors tend to lower the natural increase 
from that attained in the “black belt’? even though the eco- 
nomic condition based on per capita wealth may seem higher. 
The census figures for 1910 give some idea of the discrepancy. 

20 Birth statistics for the registration area of the United States 
(1916). Second Annual Report. U.S. Bur. Census, 1918, pp. 96. 


21 The Negro Population in the United States, 1790-1915. U.S. Bur. 
Census, 1918, pp. 844. 
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In the previous decade the negroes increased 993,769, 11.2 per 
cent., and this may be taken as largely from natural increase, 
since there was an increase of only 20,003 foreign born, and this 
figure must be diminished by about 45 per cent. to allow for 
emigration. During the same period the whites increased by 
22.3 per cent. The proportion of negroes in the population as 
a whole is decreasing, therefore, yet one can not help but feel 
that if all the data were at hand, the natural increase of the 
whites and the negroes would be found to be about the same. 
If venereal diseases are ever stamped out among them, and a 
reasonable degree of sanitation instituted, there is scarcely a 
doubt but that they will tend to supplant the whites, for the 
whites have kept their numerical superiority largely through 
immigration and a better knowledge of hygiene. Thus, since 
there were nearly 10 million negroes in continental United 
States in 1910, the color problem is not the negligible matter 
some of our northern sociologists would have us think. 

Another fact which should be regarded seriously is that the 
mixed bloods are increasing much more rapidly than the pure 
blacks. There were nearly twice as many mixed bloods in 1910 
as in 1890. In 1890 the mulattoes formed 15.2 per cent. of the 
negro population, in 1910 they represented 20.9 per cent. With 
the white blood comes greater intelligence, a lower death rate, 
and in all probability a higher birth rate. In time segregation 
and recombination of traits will result in a considerable num- 
ber of people with negro blood who will pass for white. 

It seems hardly necessary to point out the undesirability of 
this situation. The negro is a happy-go-lucky child, naturally 
expansive under simple conditions; oppressed by the restric- 
tions of civilization, and unable to assume the white man’s 
burdens. He accepts his limitations; indeed, he is rather glad 
to have them. Only when there is white blood in his veins does 
he cry out against the supposed injustice of his condition. 
White germplasm in a negro complex spurns its hopeless situa- 
tion, as Humphrey”? notes. Yet the result of such a wide racial 
intermixture is a mediocrity; which, owing to the numerous 
gametic differences linked and coupled in an infinite complexity 
of ways, will tend to remain a mediocrity till the end of time. 

Concerning the potentialities of our white ‘Melting Pot,” 
one is likely to say too much or too little. As a mere matter of 
statistics the country seems to be progressing fairly well. 
There is a somewhat greater proportion of foreign than of 


22 Humphrey, S. K., “ Mankind,” New York, Scribner, 1917, pp. 223. 
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native paupers, but that might be expected without great dis- 
credit to the former. In 1910 there were .88 per thousand 
native and 1.57 per thousand foreign-born prisoners and juve- 
nile delinquents,2* but in all probability the sins of the good 
American citizen did not find him out as often as might be 
desired. At the same period there were 1.69 per thousand 
natives and 4.05 per thousand foreigners in institutions for the 
insane. No doubt the terrific whirl of American life drove 
some of these newcomers mad, for the proportion is rather dif- 
ferent in institutions for the feebleminded. The ratio there 
per thousand is, native 2.65, native of native parentage 1.70, 
native of foreign parentage 2.86, and foreign born, .93.74 

In acquiring some slight knowledge of letters the foreigners 
coming to our shores have done well. In our native white 
population born of native parents 3.7 per cent. were unable 
to read and write in 1910, but although 12.7 per cent. of the 
foreign born were in the same predicament, hardly one tenth 
as many natives born of foreign or of mixed foreign and native 
parents are to be so classified. 

In spite of this somewhat unexpected showing from our 
recent emigrants, however, there are reasons for serious mis- 
givings, misgivings sufficient to warrant us advocating such 
restrictions as to practically prohibit immigration for a period 
of time that will at least permit us to consider the subject in all 
its aspects. The examinations in the selective draft, the 
radical labor troubles now in full fruit, the Bolshevist propa- 
ganda, have shown how refractory are some of the ores in the 
melting pot and how poorly our fires have been tended. 

We have developed too rapidly, and are experiencing acute 
growing pains in various portions of the anatomy of our body 
politic. It is troublesome and should be attended to, but it is 
not extremely serious. If we continue as in the past, we shall 
suffer indeed. We must come to realize that if we make the 
most of our grand heritage of democratic ideals left by the 
fathers of colonial days, we must change our tactics. 

The point, it seems to me, is this. Our political legacy, our 
folkways, our Americanism, is North European, Northern 
Aryan, Nordic. Whatever one wishes to call it, its origin is 

23 Prisoners and juvenile delinquents, 1910. U.S. Bur. Census, Bull. 
121, 1914, pp. 180. 

24 Insane -and feeble-minded in institutions. U.S. Bur. Census, 1914, 
pp. 217. 


25 Tlliteracy in the United States. U.S. Bur. Census, Bull. 26, 1905, 
pp. 54. Also 13th Census of U. S. 
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not in doubt. Our great men in all lines—statesmen, warriors, 
writers, scientists, inventors—came so largely from this ethnic 
mixture that if they are excluded but little is left. Some one 
once said: Take from France her hundred great ones, and where 
is France? We may paraphrase it thus: Take from Columbia 
her Anglo-Saxon sons, she is bereaved indeed. And is she not 
-being dispossessed of her Anglo-Saxon stock? The birth rate 
of our foreign population, coming so largely now from eastern 
and southern Europe, is so much greater than that of the 
Anglo-Saxons that within a century the latter will be but a 
fraction of the whole. | 

It may be that the various ethnic mixtures recently acquired 
will do their full share toward contributing to the progress of 
civilization. There are many, however, who feel justified in 
maintaining that if immigration had been restricted in the 
middle of the nineteenth century, the country would be better 
off physically, morally, mentally and economically. . There 
would be almost as many people within its limits, for the 
superior types of the early days would not have been forced to 
the wall by the avalanche of progeny begotten by the horde of 
aliens. Given the time these matters may right themselves, but 
it should not be forgotten that it is just such waves of immigra- 
tion that overturn civilizations before there is time for read- 
justment. | 

We are entering such a period. We must fight for time, 
or accept an overturn of the present social order. No doubt it 
is desirable to have social changes; it is suicidal to allow a 
sudden economic chaos. Among biologists a defense of private 
property, free enterprise, and a competition which does not 
interfere with social order, is unnecessary. These things must 
be, in order to bring out the fittest to survive. At the same 
time there must be a regulation of the degree of social warfare 
or a reversion to savagery will result. People are much alike. 
The capitalist takes everything when he has the chance; the 
workman hopes to take everything when he is able. Obviously 
this natural law promotes progress; but in society even as in 
nature, the most rapid progress comes when the selective ac- 
tion is directed along certain channels and restricted to par- 
ticular ends. The great effort, then, must be to direct it prop- 
erly. Denying its existence is of little avail. 

What is the answer? As I see it, it is this: First a severe 
restriction of immigration; second, education; third, equitable 
readjustment in many of our economic customs; last, but by no 
means least, rational marriage selection, a somewhat increased 
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birth rate in families of high civic value, and among the rank 
and file a restriction of births commensurate with the family 
resources and the mother’s strength. 

Economically we can not afford a high birth rate, but it 
should be cut in the proper place. If this be done, it means a 
fall in the death rate, in the disease rate, in the proportion of 
misery and poverty. It means less child labor and illiteracy, 
less prostitution and venereal diseases. It means a healthy 
home life, larger production, greater economical freedom and 
therefore happiness. Anything else is merely reducing the fit 
to the level of the unfit. 

If we have the brains, the energy and the courage to put 
through such a program there is some hope of escaping the 
whirlpool into which we are drifting. The ingredients in the 
melting pot are not all bad by any means, and—one may be 
thankful for it—they do not form an amalgam. Each and 
every ethnic contribution carries some hereditary factors 
making for a good or even a great individual. The result of the 
interbreeding of the next century will on the whole be mediocri- 
ties, as it has been in the past, but recombination will give here 
and there the individual with the characters that make for 
genius and progress will be assured. If we do not open our 
eyes on this problem of ‘population, however, there will be 
troubles in the future which will make those of the = 
seem like the tempests of a teapot. 
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LETHARGIC ENCEPHALITIS 


Dr. SIMON FLEXNER, director of 
the laboratories of the Rockefeller 
Institute for Medical Research, has 
presented to the National Academy 
vhat is known concerning a disease 
tuat has recently attracted much at- 
tention. In an abstract now pub- 
lished in the Proceedings Dr. Flex- 
ner states that in 1916 there arose 
in Vienna and possibly in other 
places in the Austrian Empire, 
cases of a peculiar disease a prom- 
inent symptom of which is lethargy. 
Because of this feature, which 
amounts at times to a condition of 
profound and prolonged “sleepi- 
ness,” the disease receives the popu- 
lar name of sleeping sickness. And 
yet it was quickly recognized as 
being wholly distinct from the well- 
known African sickness, the incit- 
ing microorganism of which is a 
trypanosome. The structural or his- 
tclogic basis of the Austrian disease 
is an inflammation, chiefly located 
in the gray matter of the base of 
the brain, or technically an enceph- 
alitis. Because of the peculiar 
symptoms and of the lesions, von 
Economo of Vienna who first de- 
scribed the disease gave it the name 
of lethargic encephalitis. 

About two years later, that is, in 
1918, outbreaks of the same disease 
were reported from England and 
France. A little later the disease 
appeared in the United States, and 
published reports now indicate that 
it has a wide distribution over the 
world. When the disease was first 
recognized in Vienna, it was sup- 
posed to be a form of food (saus- 
age) poisoning; and the early cases 
in England were attributed to bo- 


plicable: among the prominent 


| symptoms are paralyses of the ocu- 


lar and facial muscles, which arise 
also in food poisoning. Because of 
war conditions, both the countries 
mentioned were using preserved 
foods to an unusual degree; hence 
the inference. 

Because of the accompanying 
paralysis and subsequently because 
of certain peculiar characteristics of 
the histological changes in the brain, 
a discussion arose whether the dis- 
ease was not merely a peculiar form 
of poliomyelitis or infantile paraly- 
sis, which has prevailed epidemically 
and fitfully in Europe and America 
for a decade or longer. 

The Rockefeller Institute has had 
wide experience with poliomyelitis 
during ten or twelve years; and 
since the winter of 1919 material. 
from numbers of cases of encepha- 
litis have been referred to it. Om 
the basis of the studies made, it is 
quite safe to say that the diseases 
—lethargic or epidemic encephalitis 
and epidemic poliomyelitis—are dis- 
tinct. A striking difference relates 
to the transmissibility of the one to 
lower animals (monkeys) and not of 
the other. Moreover, the actual his- 
tological changes or lesions in the 
two diseases show striking differ- 
both of distribution in the 


ences, 
central nervous organs and in 
minute structure. Lethargic en-. 


cephalitis is surely an infectious dis-. 
ease, but its inciting microbe is still 
undiscovered. 

The question arises whether en- 
cephalitis has been observed before, 
or is to be considered as being a new 
disease, in the sense that it had 
never before been recognized and 


tulism. This mistake is quite ex-| described. A brief account exists of 


VOL, x.—42. 


626 


an outbreak of a so-called “ sleeping 
sickness” in the neighborhood of 
Tubingen in Germany in the year 
1712; and what appears to be a 
similar malady more widely dis- 
tributed in Austria, Italy, and 
Switzerland in 1890. The first ap- 
pearance of the present epidemic 
and the location of the 1890 out- 
break coincide territorially. It is 
not possible to state absolutely that 
the disease originated this time in 
Vienna; under war conditions its 
occurrence in outlying rural dis- 
tricts might well have been over- 
looked. But there is nevertheless 
basis for the view proposed tenta- 
tively, namely, that an endemic 
focus of a peculiar and specific form 
of encephalitis exists in Southeast- 
ern Europe, from which the present 
wide occurrence of the disease took 
origin. 


THE WIRELESS TELEPHONE 


THE practical value of research. 
in the field of pure science was viv- 
idly demonstrated in a lecture on. 


“Scientific Discovery and the Wire- 
less Telephone,” presented at the 
American Museum of Natural His- 
tory by Dr. Robert W. King, engineer 


ot the American Telephone and Tele-. 
‘that to send dots and dashes out 


graph Company. Dr. King illus- 
trated his lecture by demonstrations 
and models both of discoveries lead- 
ing up to the wireless telephone and 
of the wireless telephone itself as 
employed during the war for air- 
piane communication. The exhibit 
of models and apparatus installed 
in connection with the lecture will 
remain at the museumsduring May 
and June. It was arranged by the 
American Telephone and Telegraph 
Cempany and the Western Electric 
Company in cooperation with the 
American Museum of Natural His- 
tory and the New York Academy of 
Sciences. The lecture and exhibit 
are the first of a series included in 
the peace-time program launched by 


| 
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the National Research Council. 
They have already been presented at 
Washington, where they aroused 
marked interest. 

Dr. King’s lecture traced the his- 
tcry of radio telephony as a devel- 
opment of scientific theories which, 
at the time of their discovery, 
seemed wholly removed from the 
every-day life of the world, but 
which a little later were to revolu- 
tionize that life. With the work of 
Hertz in the last half of the nine- 
teenth century the broad general 
principles underlying the new sci- 
ence of radio communication were 
completely established. It has re- 
mained for scientific men of our own 
generation to devise the means for 
controlling the production of the 
electromagnetic waves in such a 
manner as to make possible the 
sending of intelligible messages over 
Ieng distances and for the receiving 
of such messages. In this connec- 
tion there are countless devices, all 
of the utmost practical value, yet 
almost without exception adapta- 
tions of discoveries in the field of 
pure science. 

Comparing the working of the 
wireless telegraph with that of the 
wireless telephone, it will be seen 


through space all that is necessary 


is to interrupt the formation of the 
electric waves at the proper times, 
while in transmitting actual speech 


not only must the amplitude of the 


electric waves be varied continuously 
rather than abruptly, but the elec- 
tric waves must be so modulated as 
to transmit the particular sound 
waves sent out by the voice. Such 
an oscillatory electric current upon 
its arrival at the receiving station, 
is caused to pass through a tele- 
phone receiver which accordingly 
emits the words of the voice in the 
same fashion as in the common tele- 
phone. In this way a reproduction 
of human speech can be carried 
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without wires over an ocean or a 
continent. 
was actually demonstrated in Sep-. 
tember, 1915, when the Engineering | 
Organization of the Bell Telephone | 
System, after years of silent prepa- 


This remarkable fact. 


ration successfully sent a wireless 
telephone communication from Wash- 
ington, D. C., eastward to Paris and. 
westward to Honolulu, the latter 
being a distance of 4,900 miles. On 
the same occasion, speech was trans- 
' mitted over a standard telephone 
circuit from New York to Washing- 
ton, where it was automatically am-. 
plified and relayed to the radio ap- 
paratus and_ thence projected 
through space across the continent. 
to San Francisco. 

It is in such a combination with 
the wireless telegraph that the 
greatest usefulness of the wireless 
telephone will probably be found to 
lie. Through the happy union of 
the two new arts of communication, 
spoken messages can be sent from 
airplanes, ships, moving trains and 
points on land or water where the 
installation of wires or cables is im- 
practicable, to a convenient receiv- 
ing station, whence they can be re- 


layed by wireless telegraphy to more 
distant points. Doubtless, also, if 
satisfactory methods are found for 
eliminating atmospheric disturbances 
and preserving secrecy, the wireless 
telephone will to some extent be used 
for the handling of trans-oceanic 
messages. 


SCIENTIFIC PUBLICATIONS IN 
ENGLISH FOR THE NATIONS 
OF CONTINENTAL EUROPE 


Two movements have been initi- 


ated, one in the United States and 
one in England, for the supply of 
books and journals to European 
countries. In this country an ap- 
peal is signed by Felix Adler, James 
R. Angell, Franz Boas, Charles W. 
Eliot, J. Cardinal Gibbons, Arthur 


T. Hadley, David Starr Jordan, 
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Harry Pratt Judson, E. H. Lewinski- 
Corwin, A. Lawrence Lowell, John 
Bassett Moore, Henry Fairfield Os- 
born, George Foster Peabody, M. I. 
Pupin, Jacob Gould Schurman, El- 


_lery Sedgwick, F. J. V. Skiff, Mun- 


roe Smith, Antonio Stella, Henry 


-Suzzallo, Harlan F. Stone, William 


H. Taft and F. A. Vanderlip. 
They say: 


Owing to the depreciated currency 
of Europe and the financial difficul- 
ties in which many European na- 
tions find themselves, the publica- 
tion of some European serials has 
been temporarily discontinued, others 
have decreased in size, while the 


publication of still others is irregu- 


lar. Furthermore, the purchase of 
American books at the present rate 
of exchange is practically impos- 
sible. 

Since it is essential for the intel- 
lectual life of mankind, that stu- 
dents of all countries should be in 
close touch, and since it seems of 
importance to America that the re- 
sults of our intellectual activities 
should be known, the undersigned 
urge all publishers, publishing insti- 
tutions and publishing societies to 
exchange their publications on the 
most liberal terms with libraries, 
publishers, journals and publishing 
institutions and societies of all 
European countries, disregarding 
for the near future the question 
whether the amount of printed mat- 
ter received in exchange corresponds 
with the amount sent. 


From England it is proposed to 
establish in Central Europe under 
British-American auspices libraries 
of recent English books indispensable 
to university teachers. The work is 
being organized on a broad, non- 
political, non-sectarian basis, so as 
to enlist the widest possible coopera- 
tion. These libraries will supply on 
lean books needed by the faculties 
of the different universities in Cen- 
tral Europe. They will be under the 
charge of British and American rep- 
resentatives, and committees of the 
fcreign universities will be asked to 
superintend the local administration. 
A committee of the six most im- 


WILHELM PFEFFER, 


The distinguished Physiological Botanist of the University of Leipzig who has died 
at the age of seventy-five years. The photograph by C. Bellach was taken 
when Professor Pfeffer was fifty-four years old. 
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pcrtant learned societies in Germany 
and Austria has been formed for the 
carrying out of the plan which, in 
addition to the loan library, will in- 
clude a system of exchange of publi- 
cations and duplicates between any 
libraries and institutions willing to 
cooperate. The preliminary state- 
ment of the trustees says: 


By thus taking the initiative in 
extending the hand of fellowship to 
colleagues in former enemy coun- 
tries, British and American scholars 
are seizing a timely opportunity of 
helping to heal the wounds of the 
war and of exemplifying in a prac- 
tical and convincing way the true 
“international mind.” 


Viscount Bryce, Lord Robert Cecil 
and other English public men have 
expressed their approval of the plan 
and have promised their cooperation 
in carrying it out. The supporters 
of the plan in Great Britain include: 
Gilbert Murray, Oxford; A. E. J. 
Rawlinson, Oxford; C. S. Sherring- 
ton, Oxford; Walter Raleigh, Ox- 
ford; A. E. Shipley, Cambridge; J. 
J. Thomson, Cambridge; A. S. Ram- 
say, Cambridge; Joseph Larmor, 
Cambridge; Horace Darwin, Cam- 
bridge; W. B. Hardy, M.A., Cam- 
bridge; Alfred Hopkinson, Glasgow; 
Col. E. H. Hills, Woolwich; Henry 
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A. Miers, Oxford; Alex. Hill, Cam- 
bridge; George Paish, London; Rick- 
man G. Godlee, London, and Michael 
Sadler, Leeds. 

University teachers in the United 
Kingdom and America are _ re- 
quested to give their approval and 
cooperation to the plan by sending 
their names to the secretary, Mr. 
B. M. Headicar, librarian of the 
London School of Economics (Uni- 
versity of London), Clare Market, 
London, W.C. 


SCIENTIFIC NOTES 


WE record with regret the death 
of A. J. Chalmers, lately director of 
the Wellcome Research Laboratories 
at Khartum; of J. S. MacArthur, 
the English industrial chemist; of 
Dr. E. Schwalbe, director of the 
pathological institute at the Univer- 
sity of Rostock, and of Pier Andrea 
Saccardo, the distinguished mycol- 
ogist and professor emeritus of the 
Royal University of Padua. 


MEMBERS of the National Academy 
of Sciences have been elected as fol- 
lows: Dr. James Rowland Angell, 
University of Chicago and the Na- 
tional Research Council, president- 
elect of the Carnegie Corporation, 
psychologist; Dr. Henry Prentiss 


MAIN 


BUILDING OF THR HEBREW UNIVERSITY BEING 
OF OLIVES, JERUSALEM. 
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Armsby, Pennsylvania State Col- 
lege, physiological chemist; Dr. Wil- 
der D. Bancroft, Cornell University 
and the National Research Council, 
chemist; Dr. Hans F. Blichfeldt, 
Stanford University, mathematician ; 
Dr. A. J. Carlson, University of 
Chicago, physiologist; Dr. William 
Duane, Harvard University, physi- 
cist; Dr. Lewis R. Jones, Univer- 
sity of Wisconsin, plant pathologist; 
Dr. Elmer Peter Kohler, Harvard 
University, chemist; Dr. Charles K. 
Leith, University of Wisconsin, ge- 
ologist; Dr. Clarence Erwin Mc- 
Clung, University of Pennsylvania 
and the National Research Council, 
zoologist; Dr. Elmer V. McCollum, 
the Johns Hopkins University, phys- 
iological chemist; Dr. George Wash- 
ington Pierce, Harvard University, 
physicist; Harris J. Ryan, Stanford 
University, electrical engineer; Dr. 
Joel Stebbins, University of Illinois, 
astronomer, and Dr. Bailey Willis, 
Stanford University, geologist. 


THE fourth annual meeting of the 
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Pacific Coast Division of the Ameri- 
ean Association for the Advancement 
of Science will be held at the Uni- 
versity of Washington, Seattle, be- 
ginning on June 17. Addresses will 
be made by President Henry Suz- 
zallo, of the University of Washing- 
ten, and Professor John C. Merriam, 
dean of faculties of the University 
of California, president of the Pa- 
cific Coast Division. Morning ses- 
sions will be devoted to meetings of 
the affiliated societies, the Western 
Society of Naturalists, Pacific Fish- 
eries Society, American Physical So- 
ciety, Astronomical Society of the 
Pacific, Cordilleran Section of the 
Geological Society of America, Pa- 
cific Coast branch of the Paleonto- 
logical Society, American Phyto- 
pathological Society, San Francisco 
section of the American Mathemat- 
ical Society, Seismological Society, 
American Chemical Society, Cooper 
Ornithological Club, Ecological So- 
ciety of America and the Society of 
American Foresters. 
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SCIENTIFIC BOOKS 


PASTEUR—THE HISTORY OF A MIND 


By Emite Ducitavux. Translated by Erwin F. Situ and 
FLORENCE HeEpaess, Pathologists of the U. S. Department 
of Agriculture. 


This book is not only a critique of Pasteur. It is a contribu- 
tion to biological history at a very important period in the 
development of science. 363 pages. 


The W. B. Saunders Co., Philadelphia 


EDUCATIONAL SOCIOLOGY 


By WiLu1AM EstaBrookE CHANCELLOR, Head of the Depart- 
ment of Political and Social Sciences, College of Wooster. 


The purpose of this text-book is to make a general introductory 
survey, of the field of sociology with special reference to edu- 
cation. 422 pages. 


The Century Company, New York 


VERTEBRATE ZOOLOGY 


By Horatio Hacxerr Newman, Professor of Zoology and 
Embryology in the University of Chicago. 


This book is intended for use as a text-book in college courses 
in vertebrate zoology such as are required of premedical 
students, and other students who have had a course in general 
zoology. 442 pages. Price $3.00. 


The Macmillan Company, New York 


PHYSIOGRAPHY. (Third Edition) \ 


By Roun D. Sauispury, Head of the Department of Geology, . 


in the University of Chicago. 


This volume is intended for students of normal school grade. 
The third edition has been revised throughout, and much of it 
has*been rewritten. 675 pages. 


The Henry Holt and Co. 


THE ORGANIZATION OF INDUSTRIAL AND 
SCIENTIFIC RESEARCH 


By_C. E. Kennetu Mess, Director of the Research Laboratory, 
Eastman Kodak Company, Rochester, N. Y. 


‘This book is intended as a contribution to the study of the 
best methods of organizing research for industrial purposes 
and of the conditions under which such work should be con- 
ducted. 175 pages. 


The McGraw Hill Book Co., New York 


HUMAN | PSYCHOLOGY 


By Howarp C. WarRREN, Professor of Psychology, 
Princeton University. 


A text-book based on the theory that mental life comprises 
the events which occur in the active give-and-take relations 
between organisms andenvironment. 460 pages. 


The Houghton Mifflin Company, Boston 


‘APPLIED ECONOMIC BOTANY 


By MELVILLE THURSTON Cook, Pu.D., Rutgers College, 
New Brunswick, N. J. 


The author has endeavored to make this work so flexible that 
it may be used in schools regardless to the amount of time 
devoted to the subject, or the available laboratory space and 
equipment. 261 pages. 


J. B. Lippincott Company, Philadelphia 


THE NATURAL HISTORY OF SOUTH [AFRICA 


By F. W. Firzstmons, F.Z.S., F.R.M.S., &c., Director, Port 
Elizabeth Museum. 


A popular and scientific series of books on the animals of South 
frica. 4 volumes. $6.00 per volume. 


Longmans, Green & Company, London 


ELECTRIC OSCILLATIONS AND ELECTRIC WAVES 
By Grorce_W. Pierce, Px.D., Professor of Physics in 
Harvard University. 


This book is designed to present a mathematical treatment of 
some of the fundamentals of the theory of electric oscillations 
and electric waves. 417 pages. 


McGraw Hill Book Company, New York City 


INBREEDING AND OUTBREEDING 


By Epwarp M. East, Px.D., Harvard University, and DONALD 
F. Jones, Sc.D., Connecticut Agricultural Station. 


Designed especially for the biologist, this work should be read 
by those who are interested in the far-reaching and funda- 
mental application of the laws of heredity and the experiments 
that have been done in this subject. 285 pages. 


J. B. Lippincott Company, Philadelphia 


SOUTH 
By ERNEST SHACKLETON. 


A graphic account of Shackleton’s last expedition (1914-1917). 
There are chapters in this book of high adventure, strenuous 
days, supreme loyalty and generous self-sacrifice. 374 pages. 
88 illustrations and diagrams. 


The Macmillan Company, New York 


THE UNITY. OF THE ORGANISM 


By Wi.tu1AM Emerson Ritter, Director of the Scripps Insti- 
tution for Biological Research of the University of California. 


This book marks a distinctive step in the advance of biology 
from the laboratory-speculative point of view to a broader 
natural history outlook. 2 volumes. Price $5.00. 


Richard G. Badger, Boston, Mass. 


MIND AND CONDUCT 
By Henry Rutgers MarsHatu, L.H.D., D.S. 


An inquiry into the problems of mind and conduct by the 
author of ‘‘Instinct and Reason,’’ ‘‘Pain and Pleasure and 
Aesthetics’? and other well known volumes in the field of 
Psychology. 236 pages. Price $1.75. 


Charles Scribner’s Sons, New York 


OPTIC PROJECTION 


By Henry PHE LPs GAGE, PH.D. and Simon Henry Gaag, B.S. 
Principles, installation and use of the magic lantern, opaque 
lantern projection microscope _and moving picture machine. 
700 pages, 400 illustrations. Price $3.00. 


The Comstock Publishing Company, Ithaca, N. Y. 
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Publications of 
Carnegie Institution of Washington 


The publications of the Institution now number over 350 
volumes, the subjects including Anatomy, Archeology, As- 
tronomy, Botany, Chemistry, Economics and Sociology, Em- 
bryology, Experimental Evolution and Heredity, Engineering, 
Folk-Lore, Geology, History, International Law, Literature, 
Mathematics, Medicine, Nutrition, Philology, Physics, Zoology. 
Classified and descriptive lists will be sent postpaid on 
application. 


Botany and Related Subjects 
In Press 


BRITTON, N. L., and N. N. Rose. The Cactaceae. 
Descriptions and Illustrations of Plants of the Cactus 
Family. Quarto in 4 vols. Volume I will appear in 
June or July, 1919. It will be illustrated by 301 text- 
figures and 36 plates; of the latter, 28 are in colors. 
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286. WEAVER, JOHN E. The Ecological Relation of Roots. 
Octavo. 

287. SporuR, H. E. The Carbohydrate Economy of Cacti. 
Octavo. 

289. DovucGrias, A. E. Climatic Cycles and Tree-growth. 
Octavo. 

290. CLEMENTS, FREDERIC E. Plant Indicators: The Rela- 


tion of Plant Communities to Conditions and Practices. 
Octavo. 


297. MacDouGaL, D. T. Hydration and Growth. Octavo. 


Orders for above publications may be made through book- 
sellers or sent directly to the Institution. 


All communications should be addressed to 


CARNEGIE INSTITUTION OF WASHINGTON 
WASHINGTON, D. C. 


Marine Biological Laboratory 
Woods Hole, Mass. 


INVESTIGATION 
Entire Year 


Facilities for reseach in Zoology. 
Embryology, Physiology and Bot 
any. Seventy-six private labora- 
tories, $100 each for not over three 
months. Thirty tables are avail- 
able for beginnersi n research who 
desire to work under the direction 
of members of the staff. The fee 
for such a table is $50.00. 


INSTRUCTION 
June 30 to August 10 


Courses of laboratory instruction 
with lectures are offered in Inverte- 
brate Zoology, Protozoology. Em- 
bryology, Physiology and Morph- 
ology and Taxonomy of the Algae. 
Each course requires the full time 
ofthe student. Fee,$50. Alecture 
course on the Philosophical Aspects 
of Biology and Allied Sciences is 
also offered. 


SUPPLY anes and pete, “pbvaidiggg he 
ing, andin embryonic stages. Pre- 
DEPARTMENT served material of all types of 


animals and of Algae, Fungi, Liver- 
worts and Mosses furnished for 
classwork, or for the museum. Liv- 
ing materia] furnished in season as 
ordered. Microscopic slidesin Zool- 
ogy, Botany, Histology, Bacteriol- 
ogy. Price lists of Zoological and 
Botanical material and Micioscopic 
Slides sent on application. State 
whichisdesired. For price lists and 
alli nformation regarding material, 
address 


GEO. M. GRAY Curator, Woods Hole, Mass. 
The annual announcement will be sent onapplication to The 
Director, Marine Biological Laboratory, Woods Hole, Mass. 


Open the Entire Year 
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Multiplex Telephony and Telegraphy over Open-circuit Bar® 
bis eve laid in the Earth or Sea: Major General George O. 
quier. 
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